1,500,000 cfh of atmosphere 


That's the combined capacity of all the Surface RX® gas generators sold since this 
first one started operating April 4, 1941. This was the first practical catalytic gas 
generator for continuous bright gas carburizing ... and it’s still in use at Warner 
Gear Division, Borg-Warner Corp. 

Such long-term reliability is only one of the reasons why so many plants stand- 
ardize on Surface gas generators, Controllability, flexibility, turn-down operation, 
variety of gases and capacities are some of the other reasons. We'll be happy to 
tell you more about them. 


SEND FOR BULLETIN SC-155 + SURFACE COMBUSTION CORPORATION + 2377 DORR ST., TOLEDO 1, OMIO 


Surtace™ Heat Treat, Stee! Mill, Glass Divisions @ Kathabar® Air Conditioning Division © Janitro!® Aircraft-Automotive 
Division @ Jjanitro!™® Heating & Air Conditioning Division @ Webster Engineering Company: Boiler Burner Division 
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Low-Temperature Brittleness, by Charles S. Barrett 


Scientific investigations of metallurgical behavior at low temperature have shown the 
interrelation between brittle fracture of ship plates and many of the physical properties 
which are determined by crystalline perfection. (Q 26, P general) * 


Some Effects of Lubricants in Cold Rolling Thin Strip, by J. C. Whetzel, Jr. and Charles Wyle... 73 


The maximum reduction of thin strip can be increased from approximately 12 to 624 
at the same rolling speed by changing the lubricant. (F 1, CN) 


The Safe Operation of Atmosphere Furnaces, by J. Huebler 


Some atmospheres used in industrial furnaces can explode if carelessly managed 
The best preventive is adequate training of operating personnel. (] 2, A 7) 


Preservation of Stored War Materiel, by J. L. McCloud. . 


A recent conference organized by the Navy's C.B.’s shows that the favored method of 
protecting against corrosion is to store under tight cover within which is circulated an 
atmosphere of controlled humidity. Vapor phase inhibitors and contact preservatives 
are also being used to an increasing extent. 


Conservation of Nickel in Electroplating, by V. L. McEnally, Jr. and F. G. Brune . . 
At least one third of the nickel used in electroplating would be saved if deposits of 
uniform thickness could be obtained. Some techniques for improving uniformity are 


described. (L 17, Ni) 


Die Steel Useful for Ultra High-Strength Structural Requirements, by John C. Hamaker, Jr. 


The strength, toughness, ductility and thermal stability of a 5% chromium die steel are 
superior to those of any ultra high-strength structural alloy proposed for aircraft 
operation in the temperature range of 100 to + 1000° F. (Q general, | general, TS) 


Recent Studies on Ductile Molybdenum, by Julius J. Harwood 
There is nothing inherently esoteric in the fact that commercial molybdenum, naturally 
ductile, can be embrittled during fabrication. Small amounts of oxygen, as well as 
nitrogen and carbon, tend to form grain-boundary films which start and propagate 
cracks between very ductile crystals. A little titanium is most efficient in rendering 

these impurities innocuous. (Q 23, Mo) 
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Thermalloy* retorts 


on the job longer... 


A large ball and roller bearing company found retort 
service life increased 30% after they installed 
Thermalloy retorts. The retorts were used to 
heat-treat ball-thrust bearing races at an average 
temperature of 1750°F. for five continuous hours. 
The specially designed octagonal shape also 
provided more uniform tumbling action with less 
marring of parts. 

In our Elyria foundry, the most modern facilities 
are available to turn out quality high-alloy castings. 
In addition, retorts and muffies are X-ray inspected 
and pressure tested before shipment to make 

sure your Thermalloy castings give longer hours of 
trouble-free service. 

For further information on Thermalloy retorts, 
write for Bulletin T-239. Electro-Alloys 
Division, 70312 Taylor St., Elyria, Ohio. 


*Reg. U. S. Pat. Off. 
Thermalloy shaker hearth muffle 


L 
AMERICAN 
_BrakeShoe |) DIVISION 


Elyria, Ohio 
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An instruction sheet accompanying each shipment of toolsteel has eliminated heat 
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Speakers at the dedication of the new research laboratory of National Carbon Co 
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Biographical Appreciation 
Norman Luther Mochel, Manager of Metallurgical Engineering and Consulting Engineer, 
Westinghouse Electric Corp... .. 


Data Sheet 


Structural Engineering Properties of Hotform, a 5% Chromium Die Steel, 
by John C. Hamaker, Jr. and V. C. Strang.......... : .. 96-B 


Curves and tables giving properties at room and high temperatures and comparisons to 
other structural materials. 


Correspondence 
Multiple Crucible Arc Melting Furnace, by $8. T. Zegler and J. Terandy 116 


“Buttons” of seven different refractory alloys can be melted in separate crucibles in one 
charging cycle. 


Machining Hard and Brittle Materials, by 8. T. Quass and A. O. O'Brien.......... 118 
Cutting to produce strain-free surfaces even in ductile metals is apparently impossible 
{ Forgeability, by Albert Portevin...... 120 


Importance of the safe thermal range for forgeability, and the influencing factors 


Vertical Continuous Casting of Steel 


Digests of Important Articles 


Properties of Phosphor Bronze 154 
Carburizing by Induction Heating 144 Stress-Corrosion of Aluminum Alloys 186 
Continuous Casting of Tin Bronzes 146 Gas Turbines for Autos 190 
High-Temperature Ceramic Coatings 150 Production Control of Acid Bessemers 190 
Evaluation of Metal Cutting 154 
New Uses for Tin 156 Departments 
Aluminum Powder Metal Parts 158 As I Was Saying, by Bill Eisenman 5 
Cracking in Carburized Parts 170 Engineering Digests of New Products 19 
Dephosphorization With Moist Hydrogen 172 Manufacturers Literature 37 
Hardenability of Gray Iron 74 Personals 124 
Mechanical Properties at Very Low Volume Index facing p. 200 


Temperatures 178 Advertisers’ Index 216 


DECEMBER 1956 


180 
3 


sodium nitrate that gives you three 
THE SIZE YOU WANT — Only Allied’s ARCADIAN Brand is. 

coarse (1-C), medium (2-B), fine (3-A), DENSER PARTICLES ARCADIAN 3 
: solid erystals—-they do not erush or create fines in ha their 

EXCEPTIONAL PURITY ARCADIAN Brand is 99.5% py 


Shipped from Va. in bulk in 


Ethanolamines + Ethylene Oxide+ Ethylene Glycols+ Ureas Formaidehyde+U. F. Concen- 
trate— 685 + Anhydrous Ammonia+ Ammonia Liquors Ammonium Sulfate + Sodium Nitrate 
* Methanol+ Nitrogen Solutions + Nitrogen Tetroxide « Fertilizers & Feed Supplements 


40 Rector Street, New York 6, N.Y. 
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Ae wae saying... 


A‘=" UNUSUAL INCIDENT hap- 
pened to me during the 
Metal Congress and Exposi- 
tion while I was going the 
rounds to see the exhibits and 
to say hello to many of my 
friends whose paths crossed 
mine. I was in the lower level 
looking at the Gas Exhibit, 
which since 1925 has been the 
largest combined exhibit in the 
Metal Show. It was my good 
fortune to run into Phil Oster- 
man, now president of the 
American Gas Furnace Co. of 
Elizabeth, N. J., and close 
family friend of nearly 40 
years. I sure was glad to meet 
him and in only a few seconds 
we were in deep reminiscences 
Then all of a sudden we heard 
someone yell, “There's a bear 
behind!” I was shocked and 
so was Phil, and as we glanced “Look at That Bear Behind!” 
up to see the announced un- 
usual phenomenon we were 
blinded by a floodlight and had to raise a hand to shade our eyes. Then 
a flash bulb exploded almost in our faces and we were blinded further 
By the time our eyes were adjusted to regular light they handed us the picture 
that heads this column and sure enough there was “A Bear Behind" —a big 
900-lb. Kodiak — and so everybody laughed because while Phil and I know 
how to spell we had unfortunately misinterpreted the spoken word 


It was a great Congress and Exposition. The technical sessions were all 
tops in quality and capacity in attendance. Most meetings were S.R.O. The 
Show filled every niche in the massive auditorium the largest show ever 
in Cleveland, ever to use the Hall, and ever put on by AS.M. There were 
42,708 registrants and 68,379 clocked attendance. And one thing that makes 
us feel so happy is the congratulatory letters we are receiving telling how 
successful it was for the exhibitors. Even the hotels ‘all of them) wrote it 
was the best business week they had ever experienced 


Now we are busy getting floor plans ready to send out for the Chicago 
Convention and Metal Show Nov. 2 through 8, 1957. And as though the 
Congress and Exposition were not enough, the Second World Metallurgical 
Congress will be held at the same time in Chicago. More than 350 conferees 
from 31 countries have already notified us they will attend and undoubtedly 
many more will come 


And just as though that was not enough to keep us hopping, we are now 
head over heels with the Los Angeles Chapter in preparation of the program 
for the Western Metal Congress in Los Angeles next March 25 through 29 
And in addition — the Western Metal Exposition, to be held simu taneously 
with the Congress, has been sold out. It will be the largest show we have 
ever held in the West (it’s one-half the size of the National Show) so you 
can realize the great industrial developments of the West 


I hope you all had turkey for Thanksgiving and many, many things for 
which to give thanks. And may there be another turkey in your deep freeze 
for the Christmas dinner. When all is said and done there are many things 
for which to give thanks, not only at Christmas but every day; to be with 
your loved ones; to have health and happiness for your family and self, and 
to have friends, Yes, other than our families—friends are our most precious 
asset. 


For you and yours, may every day be full of Thanksgiving and the Christ- 
mas spirit is the sincere wish of your friend, 


W. H. Etsenman, Secretary 
AMERICAN SOCIETY FOR METALS 
Merry Christmas! 
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Removes more 
types of soil 
from more kinds 
of metals than 
is possible with 
other cleaning 
materials... 


ASK US TO PROVE IT! 


@ Solvento! Di-Phase metal clean- 
ing processes and compositions are 
so fundamentally different, they 


hove been patented. 


Di-Phase metal cleaning concen- 
trates, baths and processes are cov- 
ered by U.S. Patents Nos. 2,399,205; 
2,399,267 and 2,583,165. Unre- 
stricted licenses under these pot- 
ents will be granted on request at 


established royalties 


SOLVENTOL CHEMICAL PRODUCTS, INC. 


DETROIT 3, MICHIGAN 


POSITION 
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Penetrating Heat 
by North American 


Nozzle-Mixing Gas Burners 


High velocity central jet gives deep penetration 


Sealed-in for complete atmosphere control 


Provision for flame safety with ignition pilot 


5 Sizes — 3” to 8’ — 1.5 to 12.4 million Btu/hr 
3’ to 8%’ flame length with 1 psi air 


for additional information consult your local n. a. engineer or write for bulletin 4545 


» 
(Qa) 
Be 
ihe NORTH AMERICAN mig co 
LY7 4455 East 71st St. 5; 
6 METAL PROGRESS 


Up to 1% Moly in carburizing steels 


gives required hardenability economically 


Why limit the use of molybdenum to the .15/.25% Mo 
and .20/.30°7 Mo contents of the traditional grades? For 
the contributions of moly do not stop there. Laboratory 
tests and production runs prove that as molybdenum 
contents increase up to 1%, hardness increases progres- 
sively. A wide range of case and core hardenabilities, 
therefore, can be obtained — economically, too. 


Tests with a series of molybdenum-manganese steels 
show that these compositions give higher case hardness 
on a direct quench than other steels of comparable core 
hardenability. One extensively tested composition, for 


example, is 0.542 Mo —0.5% Mn steel. It shows longer 


CLIMAX MOLYBDENUM 


life, and is lower in cost than steels previously used. And 
it produces a higher case hardness with similar or less 
distortion. What's more, tool life and surface finish are 
equal or better. Good reasons why several companies 
have already adopted this grade for automotive gears 


and other critical applications. 


If you use carburizing steels, see what a higher molyb- 
denum content can do for you. Part of the story is con- 
tained in the technical article “New Carburizing Steels 
For Critical Gearing.” For your copy, or other technical 
data, write Climax Molybdenum Co., Dept. 5, 500 Fifth 
Avenue, New York 36, N. Y. 


cose hardness 
@ Wide choice of 
Moly K herdenobility 
to t @ tasy te heot treat 
Lew distortion 
carburizing Good machinebility 


@ Geod wear 
resistance 


. 
| 


Republic Alloy 
Steels provide 
safety... 
dependability 
---long life in 
hand tools 


EPUBLIC 


Woldi Wideal Range of, Standard Steels 
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To maintain today’s peak production schedules, 
workmen's hand tools used for assembly, main- 
tenance or repair of equipment must be of high 
quality, They must be safe and dependable to 
meet the increased emphasis on the elimination 
of lost time accidents, They must have long life 
because production shops keep accurate records 
on the hourly life of these tools and insist on the 
ones that last the longest. 


Republic Alloy Steels provide tool manufac- 
turers with a combination of qualities essential 
in the production of socket wrenches, box and 
open end wrenches, speed handles and screw 
drivers, 


Alloy steels offer a greater degree of safety than 
other materials because they can be tempered to 
a greater depth. They can also be heat treated at 
higher temperatures. Their response to heat 
treatment is such that uniform structures can be 
formed in tools where the section mass changes 
abruptly, as in box wrenches. Higher draw tem- 
peratures and greater depth of penetration make 
a tool that is tougher, able to stand up in severe 
service, 


One additional requirement of the modern 
hand tool is that it be strong, yet easy to handle. 
Here again alloy steels fit the bill. Their high 
strength-to-weight ratio permits the use of thin- 
ner sections to hold down size and save weight 
—without any sacrifice of needed strength. 


Now, what about your product? Republic met- 
allurgists and engineers are ready to give you 
obligation-free assistance in the application of 
these fine steels to your product—assistance that 
can insure safety, extend equipment life, reduce 
maintenance and replacement costs. Mail the 
coupon today, 


The tools shown at left were made from Republic 4140 Hot 
Rolled Alloy Steel Bars by The Cornwell Quality Tools Com- 
pany, Mogadore, Ohio. This manufacturer has used alloy 
steels for more than 30 years. 
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REPUBLIC IRON POWDER OFFERS YOU NEW PROFIT OPPORTUNITIES IN SMALL 
PARTS PRODUCTION. Ports can often be made faster, more uniform and at 
less cost using Republic Iron Powder. It is also being used successfully in 
making complicated shapes which are difficult to produce economically 
by other means. Republic metallurgists and engineers, with a thorough 
knowledge of all types of metals, can help you determine iron powder's 
suitability to your parts production. Or, they can suggest alternate methods 
or materials better suited to your particular needs. This service is available 


without cost or obligation. Just mail the coupon. 


REPUBLIC COLD DRAWN SPECIAL SECTIONS REDUCE MACHINING ON WINDOW 
GEAR TO TWO SIMPLE OPERATIONS. The only machining operations re- 
quired are cutting-off and drilling. The manufacturer uses Republic Cold 
Drawn Special Sections preformed to the predominating cross section of 
the gear. Special sections provide almost limitiess flexibility in design. They 
permit replacement of costly assemblies with one-piece shapes. They sim- 
plify built-up, interlocking or associated parts. Higher strength, greater 
hardness and a bright, smooth finish ore additional benefits of the cold 
drawing process. Republic Special Sections are made to specification in 
all grades of carbon, alloy ond stainless steel, 


REPUBLIC STEEL CORPORATION | 
Dept. C-2146 | 
3188 East 45th Street 
Cleveland 27, Ohio 


Send more information on: 


D Alloy Steels 
O Have a metallurgist call. 


O lron Powder 
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Whatever your furnace 
needs for control— 


There’s good reason why more heat-treating 
furnaces everywhere are controlled by Brown 
instruments. First, of course, is performance . . . 
sensitive, precise control that meets the most 
exacting requirements of modern heat-treating 
techniques. And equally important is versa- 
tility. In this varied line of instrumentation 
you'll find just about everything a furnace 
could possibly need in the way of control. 


Choose ElectroniK Strip Chart Controllers for de- 
tailed, long-term records ... and a selection of 
control forms including electric systems of the con- 
tact, position-propor- 
tioning (Electr-O-Line) 
and time-proportioning 
(Electr-O- Pulse) types; 
and pneumatic control 
from two-position to full 
proportional-plus-reset- 
plus-rate action. 


Choose ElectroniK Circular Chart Controllers for ease 
of scale reading .. . con- 
venient daily charts; in 
a full range of electric 
and pneumatic control 
forms. 


Note: the basic compo- 

nents of all ElectroniK 

4 models are interchange- 

@ able... to simplify and 
speed up service. 


Choose ElectroniK Circular Scale Controllers where 
you want readability 
and control check at ex- 
treme distance . . . with- 
out need for a record. 
Supplied with all con- 
tact and proportional 
types of electric control. 


Note: all ElectroniK 
models are available in 
both Standard and Pre- 
cision Series. 


Choose Pyr-O-Vane Controllers where you don't 
need a record but do 
need precise vane type 
snap action electric con- 
trol by a millivoltmeter 
instrument... also avail- 
able with pulse-type 
time proportioning 
action, in both vertical 
and horizontal models. 


Choose the Protect-O-Vane Safety Cut-Off for simple, 
dependable excess temper- 
ature protection ... can be used 
with any temperature control 
to prevent furnace shut downs 
and loss of production. 


And... for all your pyrometer 
supplies, investigate the con- 
venience and economy advan- 
tages of the HSM Plan. 


Investment 


casting molds 


preheated 


precisely 


...in “Surface” 


Honeywell 


Fe 


controls 


Bulletin B43-1 isa 
handy reference . . . 
lists specifications and 
prices for all 
Electronik 

control 

instruments, 
Pyr-O-Vane 

mulivolt meter 
pyrometers, Brown 
thermometers, and 
associated safety 
equipment, valves and 
accessories. Write for 
your copy today. 
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Pyr-O-VaneControllers reg- 
ulate zone temperatures in 
roller-type furnace for pre- 
heating investment molds. 


furnace with Pyr-O-Vane control 


RWOOD PRECISION CASTING COMPANY, of Los 
Angeles, makes a specialty of close-tolerance 
investment casting of scores of intricately shaped 
parts. Preheating of the molds, during which time 
wax is burned out, is a phase of processing essential 
to precision in the finished product. 


To get the needed combination of accuracy and pro- 
duction capacity the company performs the preheat 
operation in a big Surface Combustion furnace, sup- 
plied by Natural Gas Equipment, Inc. of Pasadena. 
The pusher-type gas furnace is 30 feet long, and 
has four progressive temperature zones. A Pyr-O- 
Vane millivoltmeter instrument controls each zone 
independently, at temperatures from 200 to 1600 F. 


@ REFERENCE DATA: Write for Catalog 843-1, “Furnace and Oven Controls.” 


BROWN 
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Overall precision of control guarantees that molds 
are held to the close tolerances required by the in- 
vestment process. And these tolerances are held at 
production rates of a tray of molds every 20 minutes. 


Whatever your heat-using application, you can rely 
on the proved accuracy and dependability of Brown 
instruments to give you top performance at eco- 
nomical cost. A complete line of measuring and con- 
trolling instrumentation is available. For a discussion 
of your specific requirements, call your local Honey- 
well sales engineer .. . as near to you as your phone. 
MINNEAPOLIS-HONEYWELL REGULATOR Co., Indus 
trial Division, Wayne and Windrim Avenues, Phila- 
delphia 44, Pa.—in Canada, Toronto 17, Ontario. 


oneywell 


Fouts Coutiols 


INSTRUMENTS 


Speed for 


aluminum extrusion... 


Westinghouse 


1. Greater efficiency in aluminum billet extrusion results from 
the speed and adaptability of Westinghouse induction heating. 


C. P. Bernhardt 
Engineering Manager, 
Induction Heating Dept. 


EXAMPLE: ‘‘Five thousand 
pounds an hour of 6-inch 
aluminum billets”, reports 
Bernhardt, ‘‘are heated 
to 1,000°F for heavy extrusion 
press operation.” In supplying 
induction heating for this 
customer, Westinghouse saved 
37% of the floor space needed 
for conventional furnace oper- 
ation. Most important, high 
operating efficiency results 


from these five advantages in speed and flexibility: 
@ Short, 3-minute, start-up time. Stand-by heat 


losses are low. 


METAL PROGRESS 


: 
: 
=" 
| 
% ~ 
| 
A 
12 
— 


induction heats 
billets on the run 


2. Heating 6- or 8-inch billets to 1,000°F, this Westinghouse 
induction unit delivers up to 5,000 Ibs of billets an hour. 


e Up to 80% cut in maintenance time and costs. 
@ Longer die life due to uniform billet heating... 
accurate, repetitive temperature control. 

@ Cooler, more productive working conditions. 

@ Pushbutton, automatic cycling of billet heating 
and handling directly to the extrusion press pickup. 
For problem solving, call on Westinghouse technical 
leadership in induction heating research, design 
and engineering. You can be sure of complete 
service, too, through installation field engineering 
and follow-up. See your local Westinghouse indus- 
trial heating sales engineer or write, Westinghouse 
Electric Corporation, Induction Heating Dept., 
2519 Wilkens Ave., Baltimore 3, Md. J-10450 


The Westinghouse Heat-Treating Family 
GAS ELECTRIC INDUCTION 
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3. Westinghouse coil design and engineering assures 
uniform heating from billet core to surface. 


WATCH 
WESTINGHOUSE! 


WHERE BIG THINGS 
ARE HAPPENING FOR voul 
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In wrought Inconel “Neu-pot”, KLIK Manufacturing Company, Logansport, Indiana, treats small 
parts faster. For information about the “Neu-pot” write Rolock, Inc., Fairfield, Connecticut. 


4», 
Nickel Alloys 


Treated in wrought Inconel pots, 
these small parts cost less 


volume goes up, pot replacement down 


These parts are done to a turn... in 
nice time, at low cost. 

That's because the salt bath is con- 
tained in a Rolock “Neu-pot” made 
of wrought Inconel* nickel-chromium 
alloy. 

KLK Manufacturing Company re- 
ported that unlike most “pot” materi- 
als, Inconel alloy retains original heat 
transfer characteristics throughout its 
useful service life. With it, loads can 
be hurried along as rapidly as good 


practice permits. Volume goes up, cost 
per piece down. 


Long pot life lowers cost, too 


In this installation, KLK goes on to 
say, Inconel nickel-chromium alloy also 
substantially increases pot life. They 
report that former pots gave, at best, 
only six weeks service. Their first 
Inconel “Neu-pot” lasted almost 5 
times longer. 


In overall pot expense KLK saves 


50 percent by using wrought Inconel 
alloy. The company also realizes a ma- 
jor reduction in down-time. Both sav- 
ings are reflected in the cost per piece. 
Is high sustained heat, or heat plus 
severe corrosive conditions your prob- 
lem? If 80, look into Inconel. Write for 
the Inco booklet, “Keep Operating 
Costs Down As Temperatures Go 
Up.” 
The International Nickel Company, Inc. 
i 67 Wall Street New York 5, N. Y. 


Registered Trademark 


i ncon el ... for long life at high temperatures 
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look at the part size range 
handied by this 


This newest Cincinnati * Flamatic harden- 

ing machine has the widest work range yet! 
It will spin harden circular parts ranging in size from 
14 to 32 inches in diameter, as well as progressive 
harden, spin harden or combination spin-progressive 
harden shafts up to 4 feet in length. Simple tooling on 
adjustable flame head holders provides easy changeover 
from job to job. 


Feed rate for progressive hardening, where the work is 
fed vertically past the flame heads, is infinitely variable 
from 2 to 40 ipm. A rapid traverse rate from 20 to 
400 ipm is also provided. This makes it possible to move 
the part rapidly from one heating zone to another when 


ag 


amatic and inductron 


only specific areas of the part are to be hardened. 


The machine, designed for pit mounting, will operate 
efficiently on acetylene, propane or natural gas. The 
quench tank, located beneath the heating station, has 
provisions for quench agitation. 


Why not take your selective surface hardening problems 
to Cincinnati . . . builders of both Flamatic® (flame) and 
Inductron” (induction) hardening machines, Call in a 
Process Machinery Division field engineer. He is ideally 
equipped to evaluate your needs and give you unbiased 
recommendations as to the most economical equipment 
for your work. 


THE CINCINNATI MILLING MACHINE CO. 


CINCINNAT! 9, OHIO, U.S.A. 
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SINK 

DIES 
FASTER 
in FINKL 


Machining time, such as planing, rough cutting, 
milling, hand benching and burring are appreciably reduced on Fink! 
SMQ Die Blocks. Thorough field testing shows that the Special Machin- 
ing characteristic of SMO saves shop time and gets the die into produc 
tion sooner. 

There is a Finkl steel available for any forging need. All are quality 
controlled through each step from our own melt shop to final inspection. 
When you next consider die blocks, your local Finkl representative 


will gladly help you plan for “impressions that last.” 


Offices: DETROIT *« CLEVELAND « PITTSBURGH « INDIANAPOLIS 
HOUSTON « ALLENTOWN « ST. PAUL « COLORADO SPRINGS 
SAN FRANCISCO « SEATTLE « BIRMINGHAM « KANSAS CITY 
Warehouses: CHICAGO + BOSTON « LOS ANGELES 


Finkl Sons Co. 


2011 SOUTHPORT AVENUE+ CHICAGO 14 
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USS STEEL IMPROVES THESE PRODUCTS: 


Pays Off In Payloader. Speed is Rn yhasized in 
International Harvester's new odel 12 Pay 
loader. That means weight had - be cut. And 
USS “T-1" Steel helped cut weight of the rugged 
boom. This remarkably tough, strong steel is 
used at top and bottom sides where maximum 
stresses are imposed. The section depth of the 
USS “T-1" Steel parts is 12 inches. With 
other, less strong steels, section depths of 
19 and 24 inches would have been required 
—much too large to fit the contour of the 
machine. USS “T-1" Steel cut size, weight 

was cold bent, and welded to other 
parts of the machine by automatic sub 
merged arc welding 


Stops Brake Breakage. Columbiana Cylinder 


Grinding Company, Columbiana, Ohio, does a 
lot of custom machining on industrial and min 
ing equipment, including repair of brake and 
clutch bands for large earthmoving equipment 
On the original equipment these bands are made 
of plain mild steel often break under the 
tremendous stresses encountered. Columbiana 
replaces these broken bands with new ones of 
USS “T-1" Steel—has yet to have a USS “T.1' 
band break 


HOW IT CAN HELP You 


More Strength, Less Weight. This lift truck 


in use at Baltimore Concrete Plank Corpo USS “T-1" Steel, with its high mini stressed parts, and reduce repair and 
; ration, and manufactured by Gerlinger mum yield strength of 90,000 psi and maintenance expense. Its good creep 
Carrier Company, Dallas, Oregon, is the its minimum tensile strength of rupture strength can help you - 
largest standard-line lift truck on pneu 105,000 psi, can help you design or more durability in equipment that 
matic tires in the world. USS “T-1" Steel build lighter-weight equipment that operates at temperatures as high as 
reduced the width and thickness of the will last longer. Its unusual toughness 900 degrees F 
forks on this truck. In addition, this ex can help you design or build equip Somewhere in your operation, ver 
tremely tough constructional alloy steel ment capable of taking severe impact satile USS “T-1" Steel can help you 
eliminated the need for shipping the forks and abuse at sub-zero temperatures For technical assistance or informa 
75 miles for heat treatment, which was re Its excellent weldability can help you tion, write, wire, or phone United 
quired with the alloy steel previously used cut the cost of fabricating highly States Steel, Pittsburgh 30, Pa 


UNITED STATES STEEL CORPORATION, PITTSBURGH COLUMBIA GENEVA STEEL DIVISION, SAN FRANCISCO TENNESSEE COAL & IROW DIVISIOW, FAIRFIELD, ALA 
UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS, COAST-TO-COAST + UNITED STATES STEEL EXPORT COMPANY, WEW YORK 


uss “CONSTRUCTIONAL ALLOY STEEL 


SEE The United States Steel Hour; it’s a full-hour TY program presented every other 
week by United States Stee! Consult your local newspaper for time and station 
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“We forged 10-foot rings 
from a 5-foot ingot... 
in stainless steel” 


says John Matthews, 


U.S. Steel General Foreman—Forging 


Stainless is strong and stiff, even at forging 
temperatures. It requires more passes 
through the press, more die pressure, and 
the dies wear out faster. If you forge it too 
long, so that it gets “cold,” it will develop 
small surface cracks beneath the great jaws 
of the press. 

In John Matthews’ words: 

“We started with a 59” fluted ingot and 
forged it down to a 40” octagon, then sliced 
it into three flat discs. The thickest disc was 
forged down to 18”, and we put a 23” hole 
through it with steel punches. Then it was 


It required many days to take the photographs on 
this page, days of forging and re-heating. The 
forgings are made from type 304 stainless steel, 
and they’re destined for a nuclear power plant. 
Now read why it took so long to make them. 


worked over the big steel mandrel to fin- 
ished size: 119” outside diameter, 80” in- 
side diameter, 1044” thick. The other two 
rings were somewhat thinner.” 

It was a tricky job, but USS Quality 
Forgings like this are being turned out every 
day because we’ve got the men with the 
skill to do the job right. 

We'll certainly appreciate your inquiries. 
Send them, or requests for our free 32-page 
booklet on USS Quality Forgings to: United 
States Steel, Room 2801, 525 William Penn 
Place, Pittsburgh 30, Pa. 


4 
4 ae 
: 
i 
t 
1 
4 


we 


USS QUALITY FORGINGS 


heavy machinery parts . . . carbon, alloy, stainless 
forged steel rolls and back-up roll sleeves 
electrical and water wheel shafts 

specialty forgings of all types 


UNITED STATES STEEL 


By 


Roof arch of aluminum-meiting furnace being fired up at Doehier-Jarvis Division of National Lead Company, Potts- 
town, Pennsylvania. Laciede-Christy ‘Stee! Cast,’' a castabie refractory containing Lumnite cement, replaced brick 
arch roofs in 31 furnaces. Refractory-concrete roof arches reported in excelient condition after two years of service 


Furnace Refractories give top performance 


with Lurmnite* Concrete. 


In job after job, where extreme temperatures and 
thermal shock are encountered, experience has 
shown that Refractory concrete made with Lumnite 
cement will give excellent service in aluminum- 
melting furnaces, also in other furnaces of many 
types, large and small. 

Refractory concrete can be easily placed, using 
your own plant work force. Service strength is 
reached within 24 hours. A convenient way to make 
Refractory concrete is with castables. These are 
packaged mixes of Lumnite calcium-aluminate ce- 
ment and selected aggregates designed for your 


specific job. They are prepared and distributed by 
leading manufacturers of refractories. 


UNIVERSAL ATLAS CEMENT COMPANY 


UNITED STATES STEEL (0s) CORPORATION SUBSIDIARY 
100 AVENUE, NEW York 17, ¥. 


*“LUMNITE” is the registered trade-mark of the calcium-aluminate 
cement manufactured by Universal Adlas Cement Company 


FOR INDUSTRIAL CONCRETES 
REFRACTORY «+ INSULATING + OVERNIGHT « CORROSION RESISTANT 


OFFICES: Albany + Birmingham + Boston + Chicago + Dayton + Kansas City + Milwaukee « Minneapolis + New York + Philadelphia + Pittsburgh + St. Louis + Waco 


United States Steel Hour—Televised on alternate Wednesdays — See your local newspaper for time ead ctetion 


of 
the 


J&L custom-made hot extruded 


cold drawn sections... 


boost production, cut over-all costs 


Progressive industry is today utilizing J&L’s Custom-Made, 
Hot Extruded Cold Drawn Steel Sections to: 


Eliminate time and costs in machining and finishing 
operations 


Reduce scrap losses practically to the zero point 


Eliminate the cost of castings and forgings of intricate 
sections requiring considerable machining 


. Reduce inventories due to quick availability of extruded 
sections from the J&L plant 


These sections can be extruded and cold drawn to the exact 
specifications of the parts you require — in any quantity you 
specify. Even the production of a single extrusion can be 
economical. Obtainable in a wide range of material grades, 
J&L Extruded Sections can be produced in a large variety 
of shape profiles — within limits of a design which can be 
inscribed within a two-inch circle. Many shapes that cannot 
be hot rolled are practical for the extrusion process. 

The mechanical properties of J&L Extruded Sections are 
equal to or superior to those obtainable from equivalent 
grades conventionally cold drawn. Cold drawn tolerances are 
accurately maintained. The excellent surfaces of these Ex- 
truded Sections require little — if any — finishing operations. 

Send us your inquiry for prompt and efficient J&L service. 
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Write teday for your 
copy of this free new 
booklet which gives 
detailed information 
about the many 
money- and time- 
saving advantages 


STEEL J&L Extruded Sec- 
tions offer you. 


Jones & Laughlin 


STEEL CORPORATION: PITTSBURGH 


Jones & Loughlin Stee! Corporation 
3 Goteway Center, Dept. 405, Pittsburgh 30, Pa 


Please send me your new Booklet on Extruded Sections 
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DIFFERENTIAL 
TRANSFORMER 


ELECTRO 
BALANCED BEAM 


ELECTRONICALLY 
DRIVEN POISE 


CHANGE OF 


Riehle’s rapid-response and sensitive weighing system. Slight motion at beam 
end provides sufficient signal to operate the servo motor and move the poise 
to establish force equilibrium, 


new sensitivity...rapid response 


ON THIS LATEST RIEHLE INDICATING UNIT 


If the tests you make today require greater sensitivity and more rapid 
response than those of yesterday, you can be sure that your tests of 
the near future will have still more stringent requirements. This new 
Riehle Electro-Balanced Indicating Unit is for you. With its greater 
flexibility and precision, it anticipates tomorrow's requirements of 
research practices . . . of development practices . . . of control prac- 
tices. Available for both hydraulic and screw power testing machines 
— by Riehle. Complete line of Riehle-built accessories. 


NEW 4-PAGE BULLETIN... JUST MAIL COUPON 


Riehle TESTING MACHINES 


A DIVISION OF 


American Machine and Metals, Inc. 


EAST MOLINE, ILLINOIS 


RIEHLE TESTING MACHINES 
Division of American Machine and Metals, Inc. 
Dept. MP-1256, East Moline, Illinois 


Please send your free 4-page Bulletin RU-14-56 with full data 
on the new Riehle Electro-Balanced Indicating Unit. 
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Vacuum Furnace 
A new vacuum furnace for precision 
casting operations has been announced 
by F. J. Stokes Corp. The new unit 
pouring 
under 


is capable of melting and 
casts of 5 to 17 Ib. 


single 


Pro- 
duction cycles as short as 10 to 12 min. 
are possible when vacuum melted 
metal is used for the feed stock. 
Cycles will be somewhat longer when 
air-melted stock is used which has to 
be degassed and further purified under 
vacuum. 


For further information cirele No. 1580 
on literature request card, page 48-B. 


vacuums as low as 2 microns. 


Spectrochemical Standards 
Spex Industries, Ine., has an- 
nounced a set of eight low-alloy steels 
of the British Bureau of Analysed 
Samples prepared for X-ray spectro- 
chemical analysis. The standards are 
mounted in discs 1 in. in diameter by 
% in. thick. Containing certified con- 
centrations of eleven elements in 
graded steps, the standards are valu- 
able for the determination of 0.2 to 
3.1% Cr, 0.05 to 5.1% Ni, 0.17 to 1.5% 
Mn, 0.12 to 0.67% V, 0.19 to 14% Mo 
and 0.1 to 0.46% Cu. 
For further information circle No, 1581 
on literature request card, page 48-B. 


Brazing Alloys 

Handy & Harman has announced a 
series of four high-nickel brazing al- 
loys for brazing austenitic stainless 
steel, high-nickel heat-resistant and 
precipitation-hardening alloys. They 
will also braze carbon steel and non- 
ferrous metals having melting points 
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above 1850° F. The four high-nickel 
alloys have nickel contents ranging 
from 72.50 to 93.25°7, silicon between 
3.50 and 5.00% and boron between 
1.90 and 3.50°7. The alloys are self- 
fluxing when used in a controlled at- 
mosphere of dry hydrogen, argon or 
helium. Properly designed joints will 
have tensile strength of 75,000 to 
95,000 psi. depending on the atmos 
phere used, joint clearance and the 
composition of the brazing alloy. The 
four high-nickel alloys have flow 
points in the range of 1825 and 1925° 
F. All the alloys are available as 
cast rod, powder, resin-bonded sheet, 
as well as in forms fabricated and 
sintered from powder. 

For further information circle No. 1582 
on literature request card, page 48-B. 


Heat Treating 

Hevi-Duty Electric Co. has an- 
nounced a new high-temperature tube 
furnace, large enough for production 
work, as well as laboratory analysis. 
Working temperatures 
1700 to 2600° F. 
ber is 27 in. 


range from 
The working cham 
long and will accom 
modate tubes up to 5 in. o.d., while 
the overall length of the furnace is 42 
in. Silicon carbide heating elements 
are arranged perpendicular to the 
tube, above and below the chamber. 
For further information circle No. 1583 
on literature request card, page 48-B. 


Rhodium Plate 


A new plating 
which produces compressively stressed 


rhodium process, 
deposits, eliminates curling, cracking 
and peeling, has been announced by 
Sel-Rex Precious Metals, Inc. A test 
employed to evaluate the new process 
called for dissolving the basis metal 
from an object plated with rhodium. 
With a sample plated by the conven 


tional process, the rhodium disinte 


grated into small crystalline flakes, the 


edges curling away from the basis 
metal, demonstrating its inherent high 
When an object plated 
with Rhodex-CS was subjected to the 


same test, a continuous electroplated 


tensile stress 


film remained, the edges curling to 
ward the basis metal, indicating that 
the deposit was under compressive 
stress. 

For farther information circle No, 1584 
on literature request card, page 48-B. 


pl Recorder 

Portable, self-contained, pH meas- 
uring and recording instruments re- 
quiring no external power supply have 
been announced by Bristol Co. The 
new device consists of two units: a 
Model 524 pH recorder and a Beckman 
N-2 amplifier. This equipment will 
cover the total pH range of 0 to 14 
in two partial ranges of 0 to &® and 
6 to 14. The two units together weigh 
leas than 50 Ib. 


For further information cirele No, 1585 
on literature request card, page 48-B, 


Pipe Straightener 

A major improvement in the design 
of the heavy-duty rotary tube straight- 
ener that makes larger models of the 
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heat furnaces 


proving again.. 


FOR CARBONITRIDING, BRIGHT HARDENING, CARBURIZING OF SMALL METAL PARTS 


This is a completely new furnace, an exclusive 
Lindberg development.It is the first time induction 
heating has ever been offered in a heat treating 
furnace. No elements, no burners, no electrical or 
gas connections in it. Heating efficiency is high and 
the furnace can be brought to hardening tempera- 
tures in 17 minutes from cold. Temperature control 
is highly accurate, eliminating temperature over- 
ride and lag for all practical purposes. 


© No elements, no burners 


© No gas or electric connections 
in furnace 


© Built like a fine machine tool 
© Precise temperature control 
© Very low maintenance 


© Quiet, automatic, trouble-free 


The Induct-O-Ring’s circular shape eliminates door- 
opening heat and atmosphere losses and saves floor 
space. Work load is automatically charged and 
moved through the work chamber by a gentle, quiet, 
reciprocating movement of the furnace. The furnace 
is completely adaptable to automatic production 
processes, where its precise heat control, negligible 
maintenance and dependable operation are of parti- 
cular importance. 


LINDBERG 
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... it’s better to talk it over 


with Linde ERG 


If you are concerned with the application of 
heat to industry it makes good sense to talk it 
over with the most widely experienced experts 
you can find. We believe we have them here at 
Lindberg. Our only job is developing industrial 
heating equipment and we offer the most com- 
plete line in the field; heat treating furnaces, 
melting furnaces, high-frequency induction 


Another Lindberg achieve- 
ment! The use of elec- 
tricity in carbonitriding 
and carburizing furnaces 
has been made completely 
practical by Lindberg’s 
recent development of the 
CORRTHERM electric 
heating element. This 
element is now being used 
in many furnace installations where ordinary electric 
heating elements could not operate successfully. 


Through the years Lindberg research and development 
laboratories have originated and perfected many other 
important heating processes, developments such as the 
Cyclone tempering furnace, automatic control of carbon 
potential in furnace atmospheres, 60 cycle induction 
melting and completely automatic ceramic kilns. 
Many important Lindberg developments have come as 
a direct result of some good customer's need. With the 


units, ceramic kilns; big ones, small ones, built 
in our own plant or field-erected. This gives us 
the experience and know-how to come up with 
something really new, like this revolutionary 
Induct-O-Ring furnace, time and time again. 
So take your industrial heating problems to the 
experts. Our engineers and technicians can have 
the right answer. Talk it over with Lindberg. 


For fuel-fired furnaces, 

another important devel- 

opment, the famous 

“dimple”’ vertical radi- 

ant tube was created by 

Lindberg. This light- 

weight, easily-changed 

tube provides a big ad- 

vance in furnace effi- 

ciency and effects a 

marked saving in operation and maintenance costs. 
Minimizes shut-downs and costs for tube changes. 


customer’s cooperation Lindberg engineers have fre- 
quently provided an answer to some pressing produc- 
tion problem. You will benefit, too, whether you need 
some specific Lindberg equipment or have an industrial 
heating problem that needs a solution if you'll just talk 
it over with Lindberg. Call your nearest Lindberg Field 
Representative. There's one (see your phone book) in 
every major industrial center. 


LINDBERG ENGINEERING COMPANY 
2448 West Hubbard Street, Chicago 172, Ilinois 
Los Angeles Plant: 11937 S. Regentview Ave., at Downey, Calif. 
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Associate Companies: Lindberg industrial 
Corporation, Chicago*® EFCO-Lindberg, Lid., 
Montreal, Canada * Lindberg Italiana, Milan, 
italy © The Electric Furnace Company, Ltd., 
Weybridge, Surrey, England © Etablissements 
dean Aubé, Paris, France ® Lindberg Industrie 
Ofenbau, Gross Auheim, Germany * Toyo 
Menka, Tokyo ® Lindberg Engineering Company 
(Australia) Pty. Ltd., Melbourne 


veld Erected furnaces 
Mefting Furnaces Laboratory Furnaces Induction Heating 
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TEMPERATURE 


10 " 
TIME, GECONDS 


1. Quenching Speed. There are two basic types of 
quenching oils...straight mineral oils and compounded 
high-speed oils. If you can get the microstructure and 
hardness you need and have no distortion problems 
with a straight mineral oil, then it’s the type to use. 
If you're not getting the results you want, increased 
agitation may help. If increased agitation doesn't help, 
or isn't practical, you should use a high-speed oil. 


2. Naphthenic vs. Paraffinic. Both types of oil are used 
for quenching. Both have their own inherent advan- 
tages. Naphthenic oils keep oil coolers cleaner when 
the temperature of the oil doesn’t exceed 150 F. A 
fully dewaxed paraffinic oil gives the most satisfactory 
results at temperatures over 150 F. As a rule, when all 
other operating factors are equal, the temperature 
of your oil bath tells you which type of oil to use. 


the difference quenching oils? 


3. Thermal Stability. This is the biggest single factor 
influencing the useful life of a quenching oil. The 
higher the temperature of the oil bath, the shorter the 
life of any given oil. As mentioned before, at tempera- 
tures over 150 F it takes a stable, fully dewaxed paraf- 
finic oil to give the most satisfactory results. For 
maximum useful life at temperatures over 200 F you 
will probably need a specially inhibited quenching oil. 


These facts are nothing more than a guide to help you select the quenching oil best suited 
to your particular needs. To arrive at the final answer, there’s no substitute for experience. 


4. Other Considerations. When quenching from a salt 
pot, use a straight mineral oil. Don't use an oil con- 
taining lard oil or other vegetable or animal fats. The 
salt carried into the oil on the parts will cause these 
fats to saponify and form oil-thickening grease. For 
bright quenching, experience shows that a straight 
mineral oil will give the best over-all results. For the 
most part, a straight oil will give cleaner parts longer. 


Sun's representatives, backed up by Sun's metallurgical staff, have that experience. And, 
they’re backed up by a complete line of quenching oils, paraffinic or naphthenic, regular 
or high-speed, straight or inhibited. Sun makes them all. For more information, see 


your Sun representative or write Sun Om Company, Philadelphia 3, Pa., Dpt.MP-12. 


INDUSTRIAL PRODUCTS DEPARTMENT 


SUN OIL COMPANY 


PHILADELPHIA 3, PA, 


IN CANADA; SUN Oj COMPANY LIMITED, TORONTO ond MONTREAL 
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machine easier to adjust and maintain 
under adverse operating conditions 
has been announced by the Mackintosh- 
Hemphill Div. of E. W. Bliss Co. 
The new design is an adaptation of a 
rigid three-post arrangement of sup- 
ports between the bed and the top of 
the machine. Specific advantages of 
the new construction are that it elim- 
inates possibility of interference be- 
tween the support posts and the six 
roll-drive spindles, and that it offers 


better front access to the roll group. 
It also makes possible quick roll chang- 
ing and faster and more certain roll 
adjustment and roll locking. The 
model A-5 illustrated will be used to 
straighten electric-welded steel pipe 
in lengths from 16 to 65 ft. and diam- 
eters of 4% to 16 in. It will operate 
at speeds of 60 to 240 ft. per min. 
For further information circle No. 1586 
on literature request card, page 48-B. 


Heat Treating Furnaces 
Lindberg Engineering Co. has an- 
nounced a special new line of fur- 
naces specifically designed for pilot 
plant operations. The new line in- 
cludes six units: an atmosphere box 
furnace 6 by 12 by 5 in. for continuous 
operation at 2600° F.; a box furnace 
5% by 7% by 14% in. with reactor 
control; a 3 k.w. high frequency 
induction furnace; a horizontal tube 
furnace; a vertical tube furnace 5 in. 
o.d. by 8 in.; a high temperature pot 
furnace for operation to 2500° F, 
For further information circle No. 1587 
on literature request card, page 48-B. 


Thermocouple Connections 

A new line of plug-in thermocouple 
components, designed to simplify and 
speed-up connection of thermocouples 
to industria] instruments, has been 
announced by Minneapolis-Honeywell 
Co. The connecting units consist of 
a series of plugs, jacks, multiple jack 
panels, cable clamps and tube con- 
nectors, and can be used for either 
single of multiple thermocouple con- 
nections. One contact is always slight- 
ly larger than the other to prevent 
improperly polarized connections. 
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.. another job 
done better with UNITCASTINGS! 


Faced with a problem of economically producing a 
starter housing that would take more than normal abuse, 
Unitcast engineers successfully provided the answer with 
steel castings. Previous to the use of Uniteastings, 
replacement costs were excessive and the need of a 
tougher material was imperative. Cost was also an 
important requisite, and by delivering consistent quality 
in conjunction with a tougher material—scrap and lost 
time has been held at a minimum. To date, more than 
33,000 units have qualified with a higher basic cost being 
offset by practically no replacement and most important 

a lower finished cost! 


Take another look at the finished cost of your parts inventory 
—perhaps you can do better with Unitcastings! Consult a 
Unitcast engineer, soon! 


UNITCAST CORPORATION, Toledo 9, Ohio 


In Canada: CANADIAN-UNITCAST STEEL, LTD., Sherbrooke, Quebec 
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Each connector component has the 
thermocouple type etched on a disk 
on its body for quick identification. 


For further information circle No. 1588 
on literature request card, page 48-B 


Spot Welder 

The Federal Machine and Welder 
Co. has announced a three-phase fre- 
quency converter spot welder 13% ft. 
high and weighing over 58,000 Ib. 
It is designed with a special throat 


and 


ovailable | 


custom > stock! | 
alloys 


..in pounds or tons 


for quality casting, rolling 
or forging applications _ 


ARMCO 17-4-PH 
INVAR 
M-252 

WASPALLOY 


Cannon-Muskegon can provide the alloy you need in what- 
ever amount you want... with exactly predictable control of 
characteristics. Check the alloys we produce for industry's 53 or work clearance area of approx- 
special needs...one or several can solve your problem. If imately 2100 sq. in. A_ three-phase 
not, Cannon-Muskegon can help you select and produce the unipolar transformer supplies 100,000 
right material ...recommend proper handling methods for 
best results. You can be sure of getting the desired physical, amp. of welding current and weighs 
chemical and electrical properties for your particular machin- over 25,000 Ib. 

ing or processing operation. And remember — Cannon-Muske- For further information circle No. 1589 
gon certifies specifications of its MasterMet alloys. on literature request card, page 48-B. 


Test or production lots available 


We are equipped to supply you with sample or production Blanking Stainless 
quantities. There’s a wide choice of carbon and 300 and 400 Sesco, Inc., has announced a new 
series stainless steels available from stock for immediate pressroom unit which will handle 
delivery. Preparation of special alloys begins immediately ‘ 

on receipt of your order. Alloys are available in shot, ingot, zs stainless ster I, aluminum, brass and 
billet or cast bars. ry 4 3 % ‘ highly polished stock without danger 


Now... UltraMet vacuum melted alloys 


Cannon-Muskegon annoynces vacuum melting facil- 
ities for the production of iron-, nickel- and cobalt- 
base alloys up to temperatures of 3100°F ... and 
special alloys for industry ...in ingots or cast bil- 
lets. We are ready to provide cleaner, stronger and 
more ductile alloys for remelt ... sample develop- 
ment and production of vacuum process castings. . . 
and cast ingots for forging, extruding or machining. 
~\ 

Write for your copy 

of New MasterMet 

Bulletin and technical 

data on the complete 

MasterMet alloy service. 
of scuffing. First, a stock lubricator 


unit submerges the stock, lubricates 


CANNON-MUSKEGON | 7 it completely, and then removes the 


CORPORATION lubricant. Next, a scuff-free 


Nickel Co. hydraulic double gripper feed moves 
2879 Lincoln Street Muskegon, Michigan stock to within 0.003 in. of the selected 


METALLURGICAL SPECIALISTS setting. A third feature is a precision 
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cut-off which is sequenced with the 
feed cycle. 

For further information circle No. 1590 
on literature request card, page 48-B. 


Heat Treating 

A new type of heat treating furnace 
for carbonitriding, bright hardening 
and carburizing of small parts has 
been announced by Lindberg Engi- 
neering Co. The induction heating 
principle was used in this furnace 
eliminating any 


heating elements, 


turns slowly in the direction of work 
travel then quickly reverses. With 
each action the work remains in the 
forward position and regularly pro- 
gresses through the chamber until it 
reaches a discharge chute. 

For further information circle No. 1591 
on literature request card, page 48-B. 


Solder 


A new activated rosin core solder 
has been announced by Federated 
Metals Div. The activating chemicals 
used are not toxic. The solder fluxes 
quickly and it pierces oxide film and 
corrosion products on the parts to be 
soldered in less time than conventional 
solders. It is available in 40-60 and 
60-40 lead-tin combinations in com- 
mon 0.062 in. diameter wire. 


times and the other, five times. The 
counter-balanced optical head is low- 
ered into contact and the magnified 
image is projected onto an illuminated 
4% x 12 in, viewing screen. 

For further information circle No. 1593 
on literature request card, page 48-B, 


For further information circle No. 1592 


on literature request card, page 48-B. Thickness Measurement 


A new ultrasonic thickness measur- 

Surface Projector 
A new portable contour and sur- 
face projector has been announced by 
the American Optical Co. It is suited 
for inspection and examination of tion have been built in. 
relatively flat objects and small parts, are used to 
imprinted circuits, fine print of small tolerance limits on the instrument so 
scale drawings and like applications. that it will 
“go-no go” 
pending upon the measurement. Di 


ing instrument has been announced by 
The new S-100 Son- 
izon is portable, weighing only 20 Ib. 


Magnaflux Corp. 


Circuits for complete automatic opera- 
These circuits 
element terminals, burners, gas or predetermined 
electric connections in the furnace 
proper. The operation of the fur- 
The circular fur- Two models are available: one en- 
larges the original material three 


impose 
automatically actuate 
nace is automatic. equipment or alarms, de- 


nace has a reciprocating motion. It 


TITANIUM BAR 


72012 LBS. 


Ti 140 A Round 
Tl 140A " 

Tl 140A 

Tl 155 AX RCS 
RC130B 
RC 130 B Flat Stock 154” x 10” 
RC130B " " 
RC 130 B Rounds 


4920 lbs. 
14138 " 
47536 
1912 
824 
1611 
1-9/16"x 10" 267 
6/5”, 804 


‘35 per pound 


For 1000 Ibs. or more 


MILT GROBAN 


9656 S. Merrion Ave. Chicago 17, Ill. 
SAginaw 1-3442 


TRANSFERRING 
THERMOCOUPLE 
CIRCUITS? 


Thermo Electric has a Quick-Coupling Connector Panel 
designed to suit your needs exactly. In one central 
location you con quickly transfer any number of thermo- 
couples to a choice of indicating, multi-point recording 
or controlling pyrometers. 


These versatile panels come in o variety of shapes and sizes 
with interchangeable plugs and jocks of standard thermo- 
couple materials. A 64 position panel will measure only 
13%" « 7%". Positive spring jocks provide firm, secure 
contact with any stondord T-E plugs. Polarity markings and 
screw-fastened connections make wiring easy while tough, 
durable bakelite construction assures long weor, 


Write for Bulletin 23—H. 


Thermo Electric 


Rochelle Park Post Office, SADDLE BROOK, NEW JERSEY 
CANADA « THERMO ELECTRIC (Conado) BRAMPTON, ONT 
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THE BASE of a Huntercraft Candelabra Model 8008 (shown below) requires, with Formbrite, only a finish buff. The base is formed in 


two drawing operations. The deeper drawn candle cups, also of Formbrite, need only a light cutting with Tripoli and a finish buff. 


It’s easy to get a jeweler’s finish with Formbrite 


HUNTERCRAFT Table or Wall Candelabra 
Model 8008, one of 30 fine brassware items 
in the line of Huntercraft Originals. 


ne production of Huntercraft Orig- 
"Biase now a nationally distributed 
line of fine brassware—has grown from 
a basement hobby to a thriving new 
business in less than 5 years. 

The Hunter Machine Service Com- 
many of Racine, Wisc., began manu- 
Huntercraft Originals on a 
commercial scale in 1951, using ordi 
nary soft forming brass. To get the 
gleaming jeweler’s finish required, pol- 


“Formbrite cut polishing cost and time dramatically—was 
a major factor in keeping our small business alive... and 
growing,” says Ralph E. Hunter of Huntercraft. 


ishing time and costs were high. In 
fact, they were so high that the young 
company found it impossible to bring 
their prices into line with competition. 

In 1953, they tried Formbrite®, 
Anaconda’s  superfine-grain drawing 
brass. The polishing bottleneck was 
broken and production soared — unit 
costs went way down. According to 
Ralph E. Hunter, owner and president 
of Hunter Machine Service Co., Form- 
brite was a major factor in keeping the 
company alive and enabling it to go 
on to become a stable, growing busi- 


ness. The finish obtained so easily on 
Formbrite, he adds, is superior to that 
achieved on ordinary drawing brass. 
Formbrite is a premium product at 
a nonpremium price. Find out for 
yourself how its superfine-grain, excel- 
ent drawing properties, strength, and 
scratch-resistance can help you make 
a better product at lower cost. Write 
for Publication B-39. Better yet, ask 
for a sample or a trial batch. Address 
The American Brass Co., Waterbury 
20, Conn. In Canada: Anaconda Amer- 
ican Brass Ltd., New Toronto, Ont. 


SUPERFINE-GRAIN DRAWING BRASS 


an ANACONDA product 


made by The American Brass Company 
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rect reading range is to 0.500 in. but 
measurement to 5 in. may be made 
with an accessory comparator. 

For further information circle No. 1594 
on literature request card, page 48-B. 


Thermocouples 

A new line of miniature gasket-type 
thermocouples has been announced by 
Thermo Electric Co. This new line 
includes a wider choice of gasket 
sizes, thermocouple leads and lead ter- 
minals. Industrial uses of gasket 
thermocouples include measuring skin 


temperatures in chemical and food 
processing, metalworking, atomic en- 
ergy and many others. These gasket 
thermocouples are available in three 
ranges: 300 to +600° F. with cop- 
per-constantan calibration and copper 
gasket: 75 to 900° F. with iron-con- 
stantan calibration and copper gasket; 
and 900 to 1200° F. with iron-constan- 
tan calibration and stainless steel 
gasket 

For further information circle No, 1595 
on literature request card, page 48-B. 


Spray Cleaners 


Northwest Chemical Co. has an- 
series of high effici- 
ency spray cleaners. They remove all 
types of production soil from zinc, 
copper 


nounced a new 


, brass and steel. An unusual 
feature of the new cleaners is their 
low foaming action. Jet cleaners are 
nontoxic, harmless to racks and equip- 
ment, have no disposal problems and 
are dustless and noncaking. 


For further information circle No, 1596 
on literature request card, page 48-B. 


Recorder Pens 

Jewel-tipped pens have been incor- 
porated into a line of strip chart 
recording instruments made by Minne- 
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YESTERDA 


CONTINENTAL 
Serves Industry Everywhere 


ComPLeTE PLANTS designed, constructed, and equipped as an 
integrated unit for efficient and economical production 


CONTINENTAL 


Tomorrow's Designs Today 
SpeciAL EQuipMENT industrial furnaces, ovens, gas genera- 
tors, and dryers—all fuels—field or shop erected 


PRODUCTION LiNnzs tailored to individual needs requiring mini- 
mum labor for maximum output 


CONTINENTAL 


30 Years’ Extensive Experience 
insures prompt service in planning and production by ex- 
perienced engineers who know industry's problems. Our 
numerous sales and service centers keep in constant touch 
throughout all phases of the work 


Write for Booklet No. 135 


This booklet covers the scope of 
CONTINENTAL Service. It is well 
illustrated with views of CONTI- 
NENTAL installations with descrip- 
tions of the equipment and the 
processes performed. 


$242 


GONTINENTAL INDUSTRIAL ENGINEERS, INC. 
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IIlustration of typical 
outdoor installation of 
15,000 Gallon Ammonia 

Storage System. 


Drever Company offers years of ex- 


perience in designing and installing 
unloading and storage facilities for 


handling anhydrous ammonia. 


Systems tailored to meet individual 
plant requirements. 
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RED LION ROAD AND PHILMONT AVE. BETHAYRES, PA. 


apolis-Honeywell’s Industrial Division. 
Minute, clear sapphire tips are about 
the size of a pin head and are rounded 
to prevent scuffing the paper. The 
jewel-tipped pens have an unlimited 
life expectancy and provide smooth 
operation. 

For further information circle No. 1597 
on literature request card, page 48-B. 


Controllers 

The Wheelco Instruments Div. has 
announced two new  nonindicating 
controllers. They are potentiometer- 
type units for control applications en- 
countered in batch process work. 
They employ a 
circuit in which 
the unknown volt- 
age is connected 
in opposition to 
a known voltage 


with any dife. : Where can you use these remarkable materials . . . 


ence used to actu- 


151 Amplitrol is KENNAMETAL* and KENTANIUM*? 
a simple on-off controller for those 
applications where transfer lag and More than 40 different standard Kennametal compositions have been 


dead time can be reduced to neglig- developed to provide exceptional durability and long life under condi- 
ible value and the simplest of control 


forms made usable. The Model 152 | tons where any one or a combination of the foliowing destructive 
is an anticipatory time-proportioning forces are met: e abrasion 
controller which compensates for sys- 
tem inertia. The contact rating of 


galling 
* corrosion ¢ hard impact 
deflection rcom 
the new Wheelco 150 Series Amplitrol or compression 
is 6 amp. at 115 volts a.c., 3 amp. at , - 
230 volts a.c. * erosion (1800 F and above) 


For further information circle No. 1598 Some of the many applications where these 


on literature request card, page 48-B,. 
. me hard, strong and rigid sintered carbides are 


particularly effective in chemical processing 
include: 


Burners 


A new line of totally-enclosed tun- 
nel-type gas burners for firing into - ~ * balls for milling * nozzles 


pressurized combustion chambers has * balls and seats ° pulverizing 

heen announced for pumps hammers 

by Bryant In- bushings and guides « turbine blades, 
dustrial Products compressor liners rings, wheels 

Corp. They are re wd crusher parts * valves, valve rings, 
capable of effect- mixer blades valve seats 

ing complete com- ; and parts 


bustion in a fur- = _ 
nace chamber A, Kennametal is available in many standard 
pressurized up to 50 psi. Available in et forms, in addition to special shapes and 


18 sizes covering @ capacity range parts, such as: rectangular blanks « discs « 
from 4000 to 2,000,000 Btu. per hr., 


oO rods « tubes « flats « balls « rings « extruded, 
the new burners are designed to op- 
erate efficiently without special ad- oO Oo 2) pressed, machined, and ground forms within 
justment anywhere in the 450 to 3200 precise tolerances. 

Btu. gas range. Why not discuss your problems with your Kennametal carbide 
a information a ne engineer. He can recommend the proper composition of Kennametal 
SS ee ee ere or high heat resistant Kentanium (for 1800° F and above) to meet 
é , your specific requirements. Or write KENNAMETAL INc., Latrobe, Pa. 
Thermocouple Extension For more data, request booklet B-111, Characteristics of Kennametal, 
Wire or B-222, Designing with Kennametal. 


Minneapolis-Honeywell Regulator 
Co. has announced a new moisture re- “Trademark of a series of hard tungsten 
and titanum carbides which have ex 
Ceptionally high resistance to destruc 
insulated thermocouple wire in 14, tive forces which tend to contaminate 
16 and 20 gage sizes. Each conductor chemicals, foods, paints, and other pro 


is separately insulated with a 0.015- ducts during processing 


sistant and flexible polyvinyl! plastic 
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Can your linings 
take this punishment? 


Proof that ALUNDUM* cement 
gives long life under heavy duty 


Another Tough Spot for —y 7 is this trough, in the same big automotive 


foundry. From 500 to 600 tons of molten iron pour through the trough every 
day. Bottom and sides, from dam to trough end, are lined with atunpuM 
cement. Average lining life is 11 to 12 days, during which approximately 6,000 
tons of iron passes through 


30 


In This Automotive Foundry, 500 to 600 tons ton Crane monorail ladles handle 240 tons per day. Their 
of ison pe through each of the big receiving ladles daily. A linings of aLunpuM cement, four inches thick, average 54 days 
ramm lining of Norton atunpum refractory cement, six of service life for a total tonnage of 13,000. About these 
inches thick, lasts 10 to 12 weeks, handling an average of smaller ladles require patching, with the same Norton re- 
15,000 tons. Only occasional patching is required. The two- fractory material, after an average of 36 days’ service. 


High-melting, long-lasting aLuNpUM ce- 
ment is just one of many Norton R’s — 
refractories engineered and prescribed for 
longer, lower cost service across the range 
of furnace applications. Others include 
CRYSTOLON*, MAGNORITE*, and FUSED STAB- 
ILIZED ZIRCONIA. 

For R}’s that will help maintain hot metal 
schedules and reduce shut-downs in your 
own furnaces, call in your Norton Refrac- 
tories Engineer. Or write to Norton 
Company, 331 New Bond St., Worcester 6, 
Mass. In Canada: A. P. Green Fire Brick 
Co., Ltd., Toronto 5, Ontario. 


NORTON 


REFRACTORIES 
Engineered... Ky ... Prescribed 


fo make your products better 


NORTON PRODUCTS: Abrasives + Grinding 
Wheels + Grinding Machines «+ Refractories 
BEHR-MANNING PRODUCTS: Coated Abrasives 
Sharpening Stones + Behr-cot Tapes 
“Trade-Marks Reg. U. S. Pot. Off. ond Foreign Countries 
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in. well of polyvinyl plaster and 
both are laid parallel and wrapped to- 
gether with an additional 0.020 in. 
jacket of the same material. This in- 
sulation is easy to remove, will not 
support flame and is abrasion re- 
sistant. 

For further information circle No. 1600 
on literature request card, page 48-B. 


Hydraulic Saw 


The Loma Machine Mfg. Co. has 
announced an improved hydraulic saw 
for cutting heavy ingots. The new 
model features a saw carriage which 
travels on a cross beam above the 
ingot. This arrangement fully pro- 
tects the moving parts, such as motor, 
carriage, saw blade drive and feed 
cylinder, from chips. The feed tables 
can extend close to the saw blade, 


clamps are easily arranged on either 
side of the blade enabling short, last 
and first ends to be cut, and a mechan- 
ized chip conveyor may be placed 
below the saw blade for automatic 
chip removal. The entire operation 
cycle is remote-controlled. 


For farther information circle No. 1601 
on literature request card, page 48-B. 


Welded Aluminum Tubing 

A new welded alloy tubing has been 
announced by the Jo-E] Co. This tub- 
ing is available at any hardness, in 
light gages from under 0.050 to 0.025. 
It is designed for use in applications 
requiring material strength and 
weight reducton such as electrical 
conduit, television and radio antenna, 
furniture and heat exchangers. This 
aluminum tubing has easy workability 
and resists corrosion, most industrial 
atmospheres, many gases and liquids. 
For further information circle No. 1602 
on literature request card, page 48-B. 


Gold Coatings 

A new method of applying 22 carat 
gold coatings on ceramics, porcelain 
enamel and stainless steel has been 
announced by the Hanovia Chemical 
& Mfg. Co. The new heat treatment 
method is expected to put products 
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color. 


PERMANENT METALLIC 


COLOrS FOR 
WORKING PARTS OR TRIM 


Color helps sell, and modern 
metallurgy makes a wide yariety of 
colored casting metals and metallic 
finishes available at moderate cost. 

Non-ferrous ingot metals, with 
excellent physical properties, come 
in a variety of natural colors, 
Pinks, yellows, bronzes, gold and 
silver tones are available in 
Federated copper alloys. Many 
aluminum alloys, in addition to 
their natural silver finish, can be 
anodized in any color... red, 
yellow, blue or off-tone designers’ 
hues. Luster can be varied from 
bright to satin finish. 

Less attractive metals are 
brilliantly finished and protected 
by plating in copper, chrome, 
silver, and other non-ferrous metals. 

Federated works with many kinds 
and forms of non-ferrous metals, 
including ingot metals and plating 
materials. The broad experience 
of our metallurgists best suits them 
to help you choose the metal with 
the best combination of color and 
physical properties for your design. 


DIVISION OF AMERICAN SMELTING AND REFINING COMPANY 
120 BROADWAY, NEW YORK 5. NEW YORK 
in Conada federated Metals Canada, lid, Terentd and Montreal 


Aluminum, Anwedes, Bobbitts, Brass, Bronze, Die Casting Metals, 
Leod & Leod Products, Mognesium, Solders, Type Metals, Zinc Dust 
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TABLE II - PHYSICAL PROPERTIES OF HOUGHTON’S LIQUID BATHS 
Melting | Working | se | Unit Weight Liq. | Liquidity 
Type Product (At Oper. (At Oper. | (Ibs. per cu. ft.) 
Temp. Temp. 
Lig. Carb. | Perliton Liq. Heat 1220 | | (0.075-0.100 
13500675 0.4-0.3 1.60 | 100 @ 1550 | 1500 
45 ak 129 Spprox, approx. 
60 1170 | 1350-1750 0403 | 1.60 | 100@1550 | 
| | | | 0.075-0.100 
Reheat Perlitex 30 960) 160 | 1400 0.017 @ 1450 
Carbonate dLiquid Meat 300 100 || 190 | 1500 0.025 1500 
Neutral Liquid Meat ND. 1200 1300-1700 | 2.65 @ 1550 0.075 @ 1500 
m 1s “ 168 | 1240 | 1350-1650 0.263 1.60 | 100 @ 1350 0.020 @ 1500 
e 600 | 950 | 1025-1400 0.16 2.19 137 @ 1250 0.06 @ 1100 
o 980 980 | 1100-1650 0.158 2.24 140 @ 1250 0.04 @ 1250 
1200 1300-16500 | 1.60) 100 @ 1350 0.020 @ 1550 
1165 980 | 1050-1350 245 130 © 1200 0.027 1200 
* (S.Stl) 1450 1459 1550-1950 (0.165 3.00 987 @ 1600 0.075 @ 1800 
HS. Steel Liquid Heat 1560 1550 | 1650-2350 0.163 2.88 : 180 © 2400 0.070 @ 2100 
875 920-1450 0.35" | 168 105 1200 0.028 1200 
| 720 875 950-1450 | 0.28 | 1.83 1200 0.03 @ 1200 
Nitrate | Draw Temp 275 275 350-1000 0.36 | |.76 | 110 @ 800 ort . ~ 
430 430 550-1100 0.35 | 1.84 115 @ 800 0052 o 600 
= Mar-Temp Salt 285 350-1000 0.36 1.92 | 120 @ 400 0.065 @ 400 
Neutral Draw Temp 800 950 1025-1400 0.16 2.19 137 @ 1250 0.06 @ 1100 
Bresing | Liquid Heat 110 1450" 1550-2100 0.166 3.01 | 1874 1600 | 0.075 1800 
7 Liquid Heat 111 | 1200 1300-1800 0.172 2.66 165 © 1550 0.075 » 1500 


Add a dash of HOUGHTON “KNOW-HOW” and 
get the UNIFORM RESULTS you need! 


« A valued ingredient that is not in the bath so as to get uniform results day 
formula goes with every Houghton salt you after day. 

buy—Houghton’s wide knowledge of your 
heat treating problems. 


In Houghton's 32-page ‘Liquid Salt Baths’ 
book, you'll find proof of the benefits you 


It's the factor which adds extra assurance get by using Houghton salts combined with 
that your salt bath will be right for the job Houghton experience. It shows you how to 
.. . that your heat treated metal will have obtain faster, surer heat treating with salts. 
the precise physical properties you re- Ask the Houghton Man for a copy, or write 


quire . . . that you'll be able to maintain the to E. F. Houghton & Co., Philadelphia 33, Pa. 


HEAT TREATING SALTS 
@ product of 


Ready to give you 
on-the-job service... 
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THE FOXBORO COMPANY, 


FACTORIES 


> 


Furnace Atmosphere 
with DEWCEL Moisture Measurement 


Whitney Chain Co., in Hartford, Conn., uses two 
Gas-Atmosphere Generators to supply a battery 
of heat treating furnaces in producing chain 
plates, pins, rollers, and bushings for their Power 
Transmission and Conveyor Chains. Correct at- 
mosphere conditions in the furnaces must be 
maintained for proper carbon control and reten- 
tion of finish on these hardened and carburized 
parts. 

Formerly it was necessary to make compli- 
cated time-consuming spot checks of these con- 
ditions. Now, Foxboro Dew Point Recorders 


5212 


REG. U.S. PAT. OFF. 


IN THE UNITED 


DECEMBER 1956 


NEPONSET AVE., 


STATES, 


Improved 


monitor continuous samples of the gas from the 
generators . . . provide continuous dew point 
records which permit the operator to maintain 
desired gas quality. 

The heart of this precise measuring system is 
its humidity-sensitive element the exclusive 
Foxboro Dewcel which senses the dew point 
temperature to within +1 F. .. . rapidly re- 
sponds to any change in moisture content. 
Complete illustrated description of the Foxboro 
Dew Point Recording System is contained in 
Engineering Data Sheet 340-7. Write for copy. 


*Trade Mark 


FOXBORO, 


CANADA, AND 


MASS. 


ENGLAND 
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FABRICATED ALLOYS 


FURNACE TRAYS 
operating with 
100 tol 
load-to- weight. 


prove 
soundness 


of ROLOCK 


design and 


SERPENTINE 
construction 


Rolock time-tested “Serpentine” design and welded fabricated 
articulated construction solved a particularly difficult problem in these 
hig annealing furnace tray units... since they are rail-supported on 
roller wheels, as shown in the upside-down photograph at right. 


Original called for only 12,000-lb. tray loads, but 
operating schedules have imposed 50,000-lb. loads, with each tray also 
required to pull two other Voaded units through the furnace. Size of 
trays: 20' 10" long x 18" wide. Material: Stainless Steel. Temperature: 
1500° F. Rolock Serpentine articulated construction permits required 
expansion and contraction, assures maximum service Vite. 


Numerous equally successful variations of these Rolock Ser- 
eee tray designs ma. been developed for box-type and continuous 
urnaces with other types of hearths. If you have a similar problem, 
Rolock specialists can definitely promise you economies, Write us. 


SALES AND SERVICE REPRESENTATIVES FROM COAST TO COAST 
ROLOCK INC., 1222 KINGS HIGHWAY, FAIRFIELD, CONN. 


JOB-ENGINEERED for better work 


one Easier Operation, Lower Cost 


with a genuine gold finish within 
reach of the middle income consumer. 
The new method can be used for 
store fronts, lettering on porcelain 
enamel, for trade marks and emblems 
on appliances and for architectural 
finishes. 

For further information circle No. 1603 
on literature request card, page 48-B. 


Selenium Rectifier 

A combination selenium rectifier 
rated at 100 amp., 0 to 6 volts d.c., 
with periodic current reverser has 
been announced by Rapid Electric Co. 
This newly designed model measures 
19 by 22 by 18 in. and combines a 
standard, full control plating recti- 


fier with periodic current reversal. 
Periodic current reversal is independ- 
ent of the plating rectifier and both 
can be used separately. Pilot lights 
indicate direction of current at all 
times. 

For further information circle No. 1604 
on literature request card, page 48-B. 


Blast Cleaning 


A special tooling adaptation to one 
of its line of standard, manually oper- 
ated pressure blast machines has been 
announced by the Cro-Plate Co. The 
workpiece is loaded on the drawer- 
type slide at the outside and pushed 
through a baffled area into the in- 
terior. A variable speed drive is actu- 
ated and rotates the roller cage at 
approximately 12 to 15 r.p.m. An air- 
drawlic cylinder is energized by the 
same slide motion and a series of blast 
guns are oscillated over appropriate 
areas of the workpiece. 

For further information circle No. 1605 
on literature request card, page 48-B. 
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Pickling Pickling 
in " 

Uninhibsted Rodine 

Sulfuric Inhibited 


Acid Sulfuric 


Formation of Hydrogen Test. Both test tubes contain a 10% by volume solution 
of sulfuric acid. In the left-hand tube. the acid is uninhibited. In the right-hand 
tube, a Rodine inhibitor has been added in an amount equal to 1% by volume 
of the concentrated acid. There is no bubbling in this tube —Rodine has re 
tarded the formation of hydrogen that is the result of acid dissolving steel 


Rod and wire, tube and sheet are pickled clean with Rodine, without wasting 
either acid or metal —there are fewer rejects, which means big savings. 
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HOW RODINE’ CUTS PICKLING COSTS 


Tests demonstrate the effectiveness of Rodine 
in retarding the attack of acid on the metal 
Rodine pickling acid inhibitors retard the attack of the acid on the metal without 
affecting the ability of the acid to remove scale. Their effectiveness in saving acid 


and metal is demonstrated by these two simple tests: 


Noll Pickled Nail Pickled 


wn" 
Uninhebited Rodine 
Sulfur te 
Aad 


Loss of Weight Test. Both nails have been pickled in a 10% by volume solu- 
tion of sulfuric acid for the same length of time. The nail pickled in the unin 
hibited sulfuric acid solution has lost its form, does not look like a nail any 
more. The nail pickled in the sulfuric acid solution with Rodine added has 
lost little weight, has retained its shape and luster 


Not only does Rodine save metal and acid, but it im- 
proves the quality of the pickled product as well. And 
baths containing Rodine can be operated longer with 
less acid required to keep them at the desired con- 
centration. 

Our treatise on pickling and the use of Rodine, “Effi- 
cient Pickling with Rodine,” gives full information. Send 
for your copy today 


it makes profitable reading. 


AMERICAN CHEMICAL PAINT COMPANY 
Ambler 16, Pa. CHEMICALS 


DETROIT, MICHIGAN ST. JOSEPH, miSsOURI AC P 
NILES, CALIFORNIA WINDSOR, ONTARIO PROCESSES 
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Here’s Why Columbia Bicycle Frames Are 
EASY-F); o BRAZED 


The speed and economy of labor enjoyed with 


EASY-FLO silver brazing of tubular assemblies of Joining front section 
all kinds are outstanding. The old method used Fro ss'wire make the | pieces of come 
by Columbia required 42 men to grind fillets and Heat, 
clean the brazed joints on 1000 frames a day. operator’ working | One operator, at Back oper: 
the finishing on the same number of frames. Five 


pieces of curved wire and five small slugs of 
Easy-F 0 45 are used to produce a frame that is 
as strong and indestructible as though it were 
one piece. 


Here is the “joining sequence” of one of the many 
models of Columbia frames. 


GET COMPLETE EASY-FLO FACTS AND DISTRIBUTOR LIST. Photos and data courtesy of The Westfield Manufacturing Company, 


Weatfield, Mase., makers of Columbia Bicycles. 

BULLETIN 20 explains why high 

strength, speed md a oe Your NO. Source of Supply and Authority on Silver Brazing Alloys 
inherent in EASY-FLO brazing. 
Also gives Handy information 
about joint design and fast braz- 
ing methods. Get your copy, with 
distributor list, by writing today. 


OFFICES ond PLANTS 


HANDY AN 2: 
Ono 
arte 
General Offices: 82 Fulton Mew York 38, M. vos Caw 
TOPONTO Canepa 


DISTRIBUTORS IM PRINCIPAL CITIES AL 
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1610. Abrasion Tester 

Bulletin 5409 on new model standard 
abrasion testing set describes machine 
and its operation. Taber Instrument Corp. 


1611. Alloy Cast Iron 

64-page bulletin A-71 on engineering 
properties and applications of Ni-Resist. 
Corrosion data compared with gray cast 
iron. International Nickel Co. 


1612. Alloy Castings 


22-page bulletin 2041 on heat and cor- 
rosion resistant castings. Blaw-Knoxr 


1613. Alloy Castings 


Bulletin 3150-G on castings for heat, 
corrosion, abrasion resistance. Duraloy 


1614. Alloy Castings 
8-page bulletin on y castings for 
heat treating. Ohio Steel Foundry 


1615. Alloy Chart 

Comparison of AISI, SAE, ACI, AMS, 
WAD and PWA chromium and chrom- 
ium-nickel stainless specifications. Can- 
non-Muskegon 


1616. Alloy Steel 

Comperative tables of SAE and AISI 
standard steels and tentative standard 
steels. Babcock & Wilcox 


1617. Alloy Steel 

Data book on the selection of the 
roper alloy steel grades for each manu- 
acturer’s needs. Wheelock, Lovejoy 


1618. Alloy Steel Castings 

Specifications for T-loy 34 and ‘.! 42. 
Heat treatment and characteristics. Unit- 
cast Corp. 


1619. Aluminum Alloys 

New 6l-page book on aluminum cast- 
ing alloys, their characteristics and be- 
havior Specifications of government 
agencies and technical societies. Alloys & 
Chemicals Mfg. Co. 


1620. Aluminum Die Castings 
Bulletin on design and manufacture of 
aluminum die castings. Hoover Co. 


1621. Aluminum Extrusions 
Folder lists alloys used, finishes, trade 
phraseology. General Extrusions, Inc. 


1622. Ammonia Atmospheres 
12-page bulletin B-52 on dissociated 
ammonia furnace atmospheres. Drever 


1623. Are Welder 

20-page catalog on new submerged arc 
welders, A.c., ae field machines and 
accessories. Lincoln Electric Co. 


1624. Atmosphere Furnace 

Information on mechanical batch-type 
atmosphere furnaces for gas cyaniding, 
gas carburizing, clean hardening or car- 
bon restoration. Dow Furnace 


1625. Atmosphere Furnace 
Bulletin on controlled atmosphere fur- 
nace. Industrial Heating Equipment 


1626. 


Atmosphere Furnaces 
4-page bulletin on furnaces for harden- 
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ing high carbon and high speed tool steels. 
Diagrams, specifications and 
data. Lindberg Engineering Co. 


1627. Atmospheres 

8-page booklet N-91-620(1) on infrared 
equipment to monitor CO, CO, or CH, 
content of metallurgical atmospheres. 
Leeds & Northrup. 


1628. Atmospheres 

12-page booklet on design and use of 
special atmospheres for industrial fur- 
naces. Continental Industrial Engineers 


1629. Atmospheres 


Bulletin 1-10 supplies technical in- 
formation on inert gas generators and 
data on costs. C. M. Kemp Mfg 


1630. Bimetal Applications 

New 44-page booklet, “Successful Ap- 
plications of ermostatic Bimetal”, con- 
tains uses, formulas, calculations. W. M 
Chace 


1631. Black Oxide Coatings 


8-page booklet on black oxide coatings 
for steel, stainless steel and copper alloys. 
Du-Lite 


1632. Blast Cleaning 


New 8-page brochure No. 607 on air 
blast cleaning cabinet. Tables give 
dimensions and specifications. Pangborn 


1633. Blast Cleaning 


New 56-page catalog on semi-automatic 
and automatic pressure wet-blast equip- 
ment. Applications. Cro-Plate Co. 


1634. Bonding Plastics 

New literature on new method of bond- 
ing Teflon and Rulon by surface treat- 
ments. Dixon Corp. 


1635. Boron 


16-page book on boron carbide, ele- 
mental boron and other boron-rich ma- 
terials. Property data, sizing of powders, 
manufacture, uses. Norton 


1636. Boron Additive 


6-page article on use of grainal as 
boron-additive alloy and properties of 
grainal steels. Vanadium Corp 


1637. Brass 

8-page publication B-39 on fine-grain 
Gowns brass. Case histories. American 
rass 


1638. Brazed Assemblies 


New 4-page catalog on facilities for de- 
sign, development and manufacture of 
copper and silver brazed assemblies 
Wall Colmony 


1639. Brazin 


28-page catalog of brazing and soldering 
equipment with suggestions on setting up 
brazing lines to fit the product being 
joined. C. M. Kemp 


1640. Brazing 

8-page bulletin S-1050 on production 
brazing and soldering. Automatic brazing 
machine. Selas Corp. 


1641. Brazing Alloys 


Bulletin 22 on high-temperature brazing 
alloys for stainless steel and heat-resist- 
ant alloys. Handy & Harman 


1642. Burners 

Bulletin 58 on gas burners shows design 
and installation arrangements. Table of 
capacities. North American Mfg 


1643. Burners 


32-page catalog on industrial gas burn- 
ers and gas furnaces for heat treatin 
carbon and alloy steels. Pot furnaces anc 
melting furnaces. Charles A. Hones 


1644. Calibrating Machine 

Bulletin 115 on calibrating system for 
accurate measurement of mechanical 
forces. Morehouse Machine 


1609. Forgings 

The chemical, mechanical, phys- 
ical and forging characteristics of 
brass, bronze, copper and alumi- 
num alloys are tabulated in this 


new 36-page forging booklet, Also 
of value are the table on toler 
ances, the definitions of forging 
terms, and the discussion of fac 
tors to be considered in design of 


forgings. Titan Metal 


1645. Carbides 

76-page catalog of sintered carbides, hot 
pressed carbides, cutting tools, drawing 
dies, wenr resistant parts. Metal Carbides 


1646. Carbon and Graphite 
20-page catalog on carbon and graphite 
in metallurgical, electrical, 


chemical, process fields ational Carbon 


1647. Carbon Control 

Bulletin SC-168 on system for auto- 
matically controlling carbon potential in 
continuous and batch furnaces. Surface 
Combustion Corp 


1648. Carburizing 

Data folder on Aerocarb E and W 
water-soluble compounds for liquid car- 
burizing. Case depth vs. time curves. Per 
cent carbon and nitrogen penetration 
curves. American Cyanamid 
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METAL Coatings on 
IRON, STEEL and 
NICKEL Coatings 


MAGNE-GAGE 


The Magne-Gage quickly and accurately measures 
thickness of coatings such as the following: 

1. Nickel coatings up to 0,001 in, thick on 
non-magnetic base metals, such as copper, 
brass, and zinc-base diecastings. 

2. Polished nickel coatings up to 0.002 in. 
thick on iron or steel. 

3. Non-magnetic coatings up to 0,080 in. 
thick on iron or steel. Such coatings ma 
be electro-deposited copper, zinc, on 
mium, tin or chromium; hot-dipped tin, 
zine or lead; non-metallic paint or vitre- 
ous enamel. 

Instrument is portable—measures curved as well 
as flat surfaces—accuracy within + 10%, Com- 
plete readings can be made in 45 seconds. 


Full information for both instruments contained in BULLETIN 2253-J, furnished on request 


AMERICAN INSTRUMENT 


Coatings of 
PAINT, VARNISH, SHELLAC, 
CERAMICS, PLASTICS, ANODIC 


FILMETER 


Thickness of non-conducting coatings on non- 
magnetic base metals (aluminum, duralumin, 
brass, copper and bronze) are readily measured 
by the Filmeter. Coatings in this category include 
paint, varnish, shellac, lacquer, enamel, plastics, 
and ceramics from 0 to 0.005 in. thick. 


The Filmeter measures with an accuracy of + 3% 
of full scale. Measurements can be made on flat, 
concave or convex surfaces. 


The instrument will measure anodized films from 
0 to 0.001 in. thick, on aluminum, or alumi- 
num alloys in accordance with ASTM Test No. 
B244-49T, 


Device includes an inductor which is placed on 
the coated surface; a control box, a set of ear- 
phones, standard thickness samples, and a cali- 
bration chart. The instrument weighs only 11 
lb., is battery-operated and fitted with a carrying 
strap. 


Specified by ASTM For Test 1400-56T 


The Filmeter has recently been recommended by 
the ASTM (American Society for Testing Ma- 
terials) as the instrument to perform Test No. 
1400.56T, “Method for determining the dry-film 
thickness of non-metallic coatings of paint, varnish, 
a < and related products on a non-magnetic 
meta se.” 


Silver Spring, 
Maryland 


In Metropolitan 
Washington, D.C. 


METAL PROGRESS 


| Measure Coating 

NON-DESTRUCTIVELY 

= COMPANY, INC. 
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1 609. Carburizing 
Basic of quality gas carburiz- 
ing in Heat Treat Review, Vol. 7, No. 2. 
Surface Combustion 


1650. Carburizing Salts 


Folder on salts for liquid carburizing. 
Swift Industrial Chemical 


1651. Ceramic Tools 

10-page report on machining steel, with 
ceramic tools includes grinding ceramic 
tools, new-type tool holder, geometry of 
ceramic tools. Norton 


1652. Chain Curtains 

12-page booklet on chain furnace cur- 
tains tells how and where they can be 
used. E. J. Codd 


1653. Chromate Finishing 

File on chromate conversion coatings 
for prevention of corrosion and paint- 
base treatment of nonferrous metals. 
Allied Research Products 


1654. Chromium Plating 

4-page bulletin on new “crack-free” 
chromium plating process. United Chro- 
mium Div., Metal & Thermit 


1655. Chromizing 

4-page folder describes how to make 
iron powder components resistant to rust 
and wear. Chromalloy Corp 


1656. Cut-Off Wheels 

Folder gives data, operating suggestions 
and grade recommendations of cut-off 
wheels. Manhattan Rubber Div. 


1657. Cutting Oil 

Facts on more efficient and economical 
slant operation through use of right 
ubricants described in “Metal Cutting 
Fluids” bookle.. Cities Service 


1658. Cutting Oil 

Bulletin 39 on transparent cutting oil 
which is designed for use on a wide 
variety of steels. Sun Oil Co. 


1659. Cleaner 


12-page bulletin on advantages of Im- 
munol, how to use it, applications. Harry 
Miller Corp. 


1660. Cleaners 


Folder on immersion, electrolytic, spray 
cleaners, phosphate coaters, strippers, 
drawing compounds, additive agents. 
Northwest Chemical 


1661. Cleaning 


12-page Technical Letter No. 11 gives 
recommended surface preparation of steel 
for red lead paints. Lead Industries 


1662. Cleaning 

44-page booklet, “Some Good Things to 
Know About Metal Cleaning”, discusses 
tank, barrel and machine cleaning, pick- 
ling, zinc phosphate coating, rust preven- 
tion and other processes. Oakite 


1663. Cleaning 


Folder on di-phase cleaning gives 
equipment, construction features, spray 
and blow-off features, heating systems. 
Solventol 
1664. Coatings 

Bulletin on coatings of tungsten car- 
bide. Preparing parts for fusecoating 
Allowances for distortion. Fusion Metal 
Coating Co. 


1665. Cobalt Alloy 

12-page booklet, “Haynes Alloy No. 25”, 
tells of the unique properties of this 
cobalt-base alloy. Haynes Stellite 


1666. Cold Finished Steel 

16-page booklet on 10 grades of cold 
finished steels. Analysis, machinability, 
heat treatment, wear resistance. Jones & 
Laughlin 


1667. Cold Rolled Steels 


32-page booklet on stainless, alloy and 
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carbon spring steels, and other specialties 
Melting, temper, finishes. Crucible Steel 


1668. Compressors 

12-page data book 107-D gives engineer - 
ing information on characteristics of 
turbo-compressors. 18 types of applica- 
tion described. Spencer Purbine 


1669. Constructional Steels 
Booklet on Yoloy E steel describes and 

gives properties of high-strength low- 

alloy steels. Youngstown Sheet and Tube 


1670. Controllers 


12-page booklet on temperature controls 
and special purpose controllers. Opera- 
tion installation. Assembly Prod- 
ucts, Inc 


1671. Controllers 

Specification S-152-2 on proportional 
control instruments for use with thermo- 
couples. Minneapolis-Honeywell 
1672. 


Copper Alloys 
60-page 


catalog on phosphor bronzes, 
nickel silvers, beryllium copper, cupro- 
nickel. Chemical and physical data. En- 
gineering tables. Riverside Metal 


1673. Corrosion Resistance 

20-page bulletin on copper alloys for 
corrosion resistance. Table gives applica- 
bility in 150 media. Ampco 


1674. Cree ep. 
Bulletin RR-1 


machine. Riehle 


1675. Degreasing 

New bulletin on OPNT vapor degreaser 
describes and diagrams its construction 
Circo Equipment 


1676. Desealing 

Bulletin on system of descaling stain- 
less, alloy steels and titanium after heat 
treating. Kolene Corp 


1677. Descaling Process 

8-page bulletin on sodium hydride de- 
scaling process for ferrous and nonfer- 
rous metals. DuPont 


1678. Desealing Titanium 


Bulletin 25-T on salt descaling of titani 
um and titanium alloys. History, recom- 
mended procedure, problems. Hooker 
Electrochemical 


1679. Dew-Point Recorder 


Bulletin 11-11 on dew-point systems 
for recording or controlling. Foxboro 


1680. Dies 

48-page manual on power press brake 
dies describes those in most common use 
and special purpose dies. Tables of sheet 
gages and welahte Cyril Bath Co. 


1681. Duetile lron 


New 28-page bulletin gives advantages 
and applications of ductile iron. Prop- 
erties. International Nickel Co. 


1682. Electric Furnaces 

Folder on electric furnaces with zone 
control, temperature indication, automa- 
tic control. L & L Mfg. Co 


1683. Electric Furnaces 
Brochure on electric heat treating, 

melting, metallurgical tube, research and 

sintering furnaces. Pereny Equipment 


1684. Electric Furnaces 
Bulletin on electric heat treating fur- 

naces gives summary of progress in 

furnace developments. Holcroft 


1685. Electric Furnaces 

Catalog of electric furnaces and ovens 
for hardening, tempering, annealing, 
drawing, drying, baking, enameling. 
Cooley Electric Mfg. 


1686. Electrodes 

New 16-page catalog on spectroscopic 
electrodes and powders. How purity is 
secured and maintained. National Carbon 


Testing 


54 on new creep testing 


Pal. #2278174 727831! 253863! 


OMLY 
PORTABLE 
NIBBLER 


Model HN for 10 
gouge Stoiniess Steel 
ond 8 gauge Mild 
Steel. 6” radius. 


A big statement 
. and only Fenway con 
make it! Our portable Nibblers 
hove solved unusual problems 
for hundreds of users. Com- 
plete line includes the 14 gauge 
Nibbler and a light-duty 186 
gouge Nibbler, and a special 
90° head for each. 
RCA—DU PONT—GENERAL 
MOTORS—and many others, 
use Fenway Portable 
Nibblers! 


Model MN for 14 
gouge Stomless Steel 
ond 13 gauge Mild 
Steel. 1 radius. 


ALSO AVAILABLE, CORRU- 
GATED, JIGSAW ASSEMBLY 
& AIR TOOLS 


WIRE PHONE WRITE 
for complete information 


FENWAY 


MACHINE COMPANY Inc. 


Edgemont & Clementine Sts. 
Philadelphia 34, Penna. 


Distributed by EASCO PRODUCTS 
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|: | 
—— 
: 
39 


Methods of Carburizing Alloy Steels 


with basic facts about alloy steels. Though much of the 
information is elementary, we believe it will be of interest 
to many in this field, including men of broad experience who 
may find it useful to review fundamentals from time to time, 


XVIII This is the eighteenth of a series of advertisements dealing 


Carburizing is a means of impreg- 
nating the surface of steel with car- 
bon, usually to very limited depths. 
Its purpose is to provide a hard, 
wear-resisting ‘“‘case,’’ or outer shell. 
Alloy steefe correctly handled, can 
be case-hardened without sacrificing 
desirable core properties. 

There are three types of carburiz- 
ing in general use. These will be 
discussed briefly in the following 
paragraphs: 

Liquid Carburizing—The medium 
here is a hot salt bath composed 
basically of cyanide compounds. The 
steel is immersed in the bath, the 
period of immersion depending upon 
the analysis of the steel and the 
depth of case desired. Liquid carbu- 
rizing produces a thin, hard, wear- 
resisting case with a maximum 
practical depth range of 0.02 to 0.03 
in. When the steel is quenched 
directly from the bath, distortion 
is low. 

Gas Carburizing—This method 
employs a furnace in which a car- 
bonaceous atmosphere is created; 
i.e., gases that are high in carbon 
components, or those containing 
carbon. Steel subjected to gas car- 
burizing can be case-hardened to 
depths generally ranging from 0.01 
to 0.04 in. When quenching takes 
place immediately after carburizing, 
distortion can be kept toa minimum. 

Pack Carburizing—Where the 
pack method is used, the parts to be 


carburized are buried in a container 


of dry carbonaceous materials. The 
container is sealed tight to prevent 
the infiltration of air, placed in a 
furnace and kept there for eight 
hours or more, the actual time de- 
pending upon the depth of case de- 
sired. Pack carburizing is particu- 
larly suitable where a deep case is 
essential (0.06 in. and over), al- 
though medium cases in the 0.04-to- 
0.06-in. range are possible. 

The carburizing of alloy steels is 
a highly technical subject, and 
Bethlehem metallurgists will be glad 
to help you with any phase of it. 
Feel free to consult with them about 
the results to be expected from 
various analyses and the various 
methods of treatment. And when 
you are in the market for alloy steels 
of any kind, please bear in mind that 
Bethlehem Steel makes the com- 
plete range of AISI standard grades 
of alloy steels, as well as special- 
analysis steels and all carbon grades. 


If you would like reprints of this series of | 
advertisements from No. I through No. X VI 
please write to us, addressing your request to 
Publications Dept., Bethlehem Steel Company, 
Bethlehem, Pa. The first 16 subjects in the series 
are now available in a handy 32-page booklet, 
and we shall be glad to send you a free copy. 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products 
are sold by Bethlehem Pacific Coast 
Steel Corporation. Export Distributor: 
Bethlehem Steel Export Corporation 


BETHLEHEM STEEL 


peTHLEHEyy 


METAL PROGRESS 


| 
BY 
re 
- 
40 


1687. Electrolytic Metals 


New 4-page folder on analysis and 
specifications of electrolytic chromium 
and manganese. Uses and properties. 
Electro Metallurgical Co. 


1688. Electron Microscope 

20-page brochure describes in detail 
ten case histories in which the electron 
microscope has been at work solving 
problems of development and control in 
industrial laboratories. RCA 


1689. Electroplating 
“Industrial Precision lectroplating” 
tells of facilities for metal finishing, 


growth and advancements of metal fin- 
ishing, of specific industries. 


Summit Finishing Co. 
1690. Endothermic 
Atmospheres 


16-page reprint on endothermic atmos- 
pheres for heat treatment of steel. Effect 
of temperature on atmosphere. Calcu- 
lating analysis. Electric Furnace Co. 


1691. Fabricating Stainless 
8-page reprint on low-nickel, high- 
manganese steels and their fabrication. 
International Nickel Co. 


1692. Filters 

4-page reprint on plating waste dis- 
posal with special upade on precipita- 
tion and filtration. Filtration Engineers 


1693. Finishing 

Six bulletins describing finishing com- 
pounds for stainless steel, aluminum, 
other metals. Apothecaries Hall 


1694. Flow Measurement 

8-page Bulletin SC-1022 on instrument 
for measurement of flow rate of air and 
gases. Selas Corp. 


1695. Flow Meters 
Bulletin 201 on flow meter for gas used 
in heat treating. Waukee Eng’g 


1696. Fluid-Power Tubing 

8-page bulletin provides engineerin 
data on four types of cold finished stee 
tubing for hydraulic cylinders and fluid 
lines. Ryerson 


1697. Forgings 

8-page bulletin on closed die forgings 
gives forging sizes, forging stock and 
shapes. Indiana Forge and Machine 


1698. Forgings 
94-page book on die blocks and heavy- 
duty forgings. 20 pages of tables. A Finkl 


1699. Forgings 

Bulletin on forge steelmaking, open die 
forging, machining, -heat treating and 
finishing. National Forge 


1700. Forgings 

New 12-page booklet on aluminum, 
brass and copper forgings. Parts forged 
and their advantages. Properties of alloys 
used. Revere Copper & Brass 


1701. Forgings 


8-page brochure on precision forging of 


different sizes and metais. Titusville 
Forge Div., Struthers Wells Corp. 
1702. Furnace Belts 


44-page catalog describes metal belts 
for quenching, tempering, carburizing 
and other applications. Ashworth Bros. 


1703. Furnace Controls 

44-page condensed catalog of controls 
for industrial furnaces and ovens. Minne- 
apolis-Honeywell Regulator Co. 


1704. Furnace Fixtures 

16-page catalog on baskets, trays, fix- 
tures, and carburizing boxes for heat 
treating. 66 designs. Stanwood 


1705. 


Furnaces 


Series of bulletins on controlled at- 
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mosphere, carburizing, nitriding, harden- 
ing furnaces. American Gas Furnace 


1706. Furnaces 


Data on line of melting, heating and 
heat treating furnaces for ferrous and 
nonferrous metals. Loftus Engineering 


1707. Furnaces 

32-page catalog of industrial equipment 
includes furnaces and furnace equipment, 
special valves, mechanical equipment, 
materials handling equipment. 
Brosius 


1708. Furnaces 

Box furnace with coolin 
use to 3100° F. described in 
4713. General Electric 


1709. Furnaces 

Brochures on pot furnaces, nitriding, 
austempering, and martempering and 
salt baths. A. F. Holden 


1710. Furnaces 

Bulletin on _ electric heat treating 
furnaces describes five series and acces- 
sories. Lucifer Furnaces 


1711. Furnaces 
New vacuum furnace bulletin. Na- 
tional Research Corp 


chamber for 
ulletin GEA- 


1712. Fused Silica 
Folder on fused silica which is re- 
sistant to high temperatures, thermal 


shock, acids and has high electrical in- 
sulating value. Amersil 


1713. Galvanometers 

12-page bulletin No. 320 on three differ- 
ent types of galvanometer. Factors affec- 
ting selection. Rubicon 


1714. Gamma Ray Sources 
24-page booklet on portable gamma ra 
projectors, using cobalt 60, cesium 137, 
iridium 192. Operation and construction 

features. Metal & Thermit Corp. 


1715. Gas Analysis 

New 16-page booklet TD-507 on instru- 
ments for continuous analysis. Arnold O. 
Beckman, Inc. 


1716. Gas Analysis 

Bulletin 11-11 on portable and contin- 
uous instruments for detection and 
measurement of combustible gases and 
vapors, oxygen, toxic gases and gas pro- 
portioning and control. Davis Instrument 


1717. Gas Purifiers 


Folder on 6 gas purifiers and indicators 
for the catalytic purification, hydrogen- 
ation and oxidation of gases. Baker & Co 


1718. Globar Furnaces 

Bulletin 153 describes nine types of 
furnace using silicon carbide heatin 
elements for temperatures to 2600° P 
Hevi Duty 


1719. Gold Plating 


Physical, thermal, chemical, electrical, 
diffusion and optical properties of elec- 
troplated gold. Uses. Technic, Inc. 


1720. Gold Plating 

Folder on salts for bright gold plating. 
Equipment needed. Sel-Rex 
1721. Graphite 

Bulletin No. 20 on carbon-graphite 
engineering material, manufacturing 
process, properties, uses. U.S. Graphite 
1722. 


Graphitic Tool Steel 
48-page booklet on heat treating data 
properties and 46 specific applications of 
graphitic tool steel. Timken 


1723. Grinding Wheels 
Folder on grinding wheel especially 
adapted for use in steel mills shows 


structure and gives advantages. Sterling 
Grinding Wheel Co. 


1724. Hardening Tool Steels 


4-page bulletin on complete line of 


* PURE TIN plated on Somers Thin Strip. 


Somers engineers have developed a 
special hot tin plate process which 
now will provide the smooth surface, 
solderability, adherence and complete 
absence of slag so essential to manvu- 
facturers of: 


PRINTED CIRCUITS 
CAPACITORS 
CABLE WRAPPING 


Tin coatings of .00002 to .00008 and 
.0002 to .0003 are available on brass, 
copper, bronze and other Thin Strip 
metals in gauges from .012 down to 
.002, widths from Ve" to 6” and wider. 


And, of course, Somers exacting stand- 
ards for tolerance, tensile strength 
and other physical properties are 
rigidly maintained. 


Whatever your requirements for tin 
plated thin strip, you can depend on 
Somers long experience and modern 
equipment for a quality product. 


Write for further information and 
confidential data blank. Somers will 
gladly analyze your problem with- 
out obligation. 


of EXACTING STAN DARDs On 
‘ly 


Somers Brass Company, Inc. 
106 BALDWIN AVE, WATERBURY, CONN 
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GIVE YOUR PRODUCT 


WITHOUT INCREASING COSTS 


WITH CHASE’ S-19 PROCESS BRASS STRIP 


CHASE S-19 BRASS is unique through and through! Special 
manufacturing techniques give it an exceedingly fine, uniform 
grain structure, and it has unusually high ductility. It is adaptable 


for forming or even relatively deep-drawing articles which are 
surprisingly scratch and dent resistant. They will buff or polish 
more easily, too. Ase 
® 


It takes precise Chase quality control at the mill to produce the 
superb finish, stiffness and formability of Chase S-19 brass—yet it BRASS & COPPER CO. 


WATERBURY 20, CONNECTICUT 
costs you no more than commercial soft brass! Call in a Chase SUBSIDIARY OF KENMECOTT COPPER CORPORATION 
representative for all the facts, today! } 


The Nation's Headquarters for Brass, Copper and Stainiess Steel 
Atlanta Baltimore Boston Charlotte Chicago Cincinnati Cleveland Dallas Denver Detroit Grand Rapids Houston Indianapolis Kansas City,Mo. Los Angeles 
Milwauk Minneapolis Newark New Orleans New York Philadelphia Pittsburgh Providence Rochester St.Louis Sanfrancisco Seattle Waterbury 
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hydrizing furnaces. Diagrams, specifica- 
tions and performance data on preheat 
and high speed furnaces. Lindberg Engi- 


neering 


1725. Hardness Tester 


Bulletin on Impressor portable hardness 
tester for aluminum, aluminum alloys and 
soft metals. Barber-Colman 


1726. Hardness Tester 

Data on hardness testing scleroscope 
with equivalent Brinell and Rockwell C 
numbers. Shore Instrument 


1727. Hardness Testers 


20-page book on hardness testing by 
Rockwell method. Clark Instrument 


1728. Hardness Numbers 

Pocket-size table of Brinell hardness 
numbers incorporating other tabular in- 
formation. Steel City Testing 


1729. Hardness Testing 
Bulletins on Wolpert-Gries machines 
for standard Rockwell tests. Motorized 
refiex type for Brinell tests. Gries In- 
dustries 


1730. Heat Treating 


Bulletin 441 on eclectric 
furnaces diagrams and describes the 
furnaces and lists specifications. Hevi 
Duty Electric Co. 


1731. Heat Treating 

New 8-page catalog SC-175 on 27 
standard heat treat furnaces from labor- 
atory furnaces to large continuous 
brazing furnaces. Surface Combustion 


1732. Heat Treating Ammonia 
24-page “Guide for Use of Anhydrous 

Ammonia” describes heat treating and 

other metallurgical uses. Nitrogen Div. 


1733. Heat Treating Fixtures 
12-page bulletin on wire mesh baskets 
for heat treating and plating. Wiretez. 


1734. Heat Treating Fixtures 

32-page Catalog G-10 covers heat and 
corrosion resistant fabricated alloy prod- 
ucts. Includes furnace muffles, tray, fix- 
tures, retorts, pit-type furnace equip- 
ment, salt bath equipment, pickling and 
plating equipment. Rolock, Inc. 


1735. Heat Treating Fixtures 

24-page catalog on heat and corrosion- 
resistant equipment for heat treating 
and chemical processing. 30 classifications 
of equipment. Pressed Steel 


1736. Heat Treating Furnaces 

12-page bulletin on recirculating fur- 
naces for heat treating aluminum alloys, 
annealing and stress relieving, Convey- 
orized, pot and batch types. Despatch 


1737. Treating Pots 

6-page bulletin lists sizes available in 
Thermalloy. Suggestions on increasing 
service life. Electro-Alloys 


1738. Heating Elements 

24-page Bulletin H on electric heating 
elements. Includes extensive tabular data 
on physical and electrical specifications 
for various sizes. Globar Div. 


1739. High Speed Steel 

Folder on Electrite Double Six M-2 XL 
tungsten-molybdenum high speed steel 
containing alloy sulphides for improved 
machinability and increased tool life. 
Latrobe Steel Co. 


1740. High-Strength Bronze 
12-page booklet on telnic bronze with 
high strength, high hardness, good 
machinability, age hardenability, corro- 
sion resistance. Chase Brass 
1741. High-Temperature 
Lubrication 
Bulletin 423 on colloidal graphite and 
molybdenum disulfide dispersions and 
their use for high-temperature lubri- 
cation. Case histories. Acheson Colloids 
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1742. High-Temperature 


Steels 
87-page book on factors affecting high- 
temperature properties. 45 pages of data 
on tensile, creep and rupture properties 
of 21 high-temperature steels. U.S. Steel 


1743. High-Temperature 
Tubin 


Bulletin TDC-163A on analysis, proper- 
ties, creep and rupture data for various 
tubing - A for high temperature serv- 
ice. Babcock & Wilcox 


1744. Induction Hardening 

Bulletin M-1938 on induction harden- 
ing machine gives advantages and appli- 
cation of system. Cincinnati Milling 
Machine 


1745. Induction Honting 

New 36-page bulletin on igh-fre- 
quency induction heating unit for 
brazing, hardening, soldering, annealing, 
melting and bombarding. Lepel 


1746. Induction Heating 

12-page booklet B-6519 on equipment 
for induction heating for forging, hard- 
ening, annealing and metal joining. 
Westinghouse Electric 


1747. Induction Heating 

8-page bulletin on high frequency 
motor-generator sets for induction heat- 
ing. Ohio Crankshaft 


1748. Industrial Equipment 

12-page catalog on finishing systems, 
cleaning, pickling, rustproofing equip- 
ment, ovens, conveying equipment. R. C 
Mahon Co 


1749. Ingot Stripper 

Folder on operation and functions of 
portable hydraulic ingot stripper. Dia- 
grams of two standard sizes. Pittsburgh 
Engineering & Machine Co 


1750. Inspection 

Descriptive information and instruc- 
tions for new inspection process to detect 
surface flaws on all ferrous and non- 
ferrous metals. Zaco Laboratories 


1751. Instruments 

32-page catalog of instruments for anal- 
ysis, control and data processing. Con- 
solidated Electrodynamics Corp. 


1752. Investment Casting 

27-page reprint tells of development 
and applications of Shaw process of 
precision casting. Shaw Development 


1753. Investment Casting 

brochure on the process, shapes 
which may be cast, tolerances, assembly 
savings. Investment Casting Co 


1754. Laboratory Equipment 

Bulletin No. 832 on connecting and 
valving devices for gas, vapor and liquid 
flow systems of analytical instruments 
Burrell Corp. 


1755. Laboratory Furnace 
Bulletin 1016 on single and dual tube 
furnaces for combustion analysis. Sentry 


1756. Low-Alloy Steel 

60-page book on high-strength low- 
alloy steel, properties, fabrication and 
uses. U.S. Stee 


1757. Lubricant 

8-page folder describes use of molybde- 
num disulfide lubricant in cold forming, 
cold heading and other applications 
Case histories. Alpha Corp 


1758. Lubricant Testing 

Bulletin 106 on new testing machine 
for lubricants. Operation and specifica- 
tions. Alpha Molykote Corp. 


1759. Machining Stainless 
16-page booklet on drilling, tapping, 
thread chasing, turning, milling, broach- 


Insulated 
Thermocouple Wire 
Extension Lead Wire 


No matter what your wire or insulation 
requirements may be, you can depend 
on Gorden ‘Serv-Rite’’ insulated wire 
for pyrometers—recognized as a stand- 
ard of highest quality for nearly half a 
century. All ‘'Serv-Rite’’ wire is now man- 
ufactured in the new, completely modern 
Gordon plant, employing up-to-date 
equipment and machinery, supervised 
and operated by skilled technicians— 
your guarantee of continued precision 
quality. In addition to maintaining large 
stocks of all common types of wire, 
Gordon will manufacture special insula- 
tion, in long or short runs, to suit your 
individual needs and meet your most 
rigid specifications. 


All Types of Insulation 


Felted Asbestos 


Asbestos Braid 
Weatherproof Braid 


Glass Braid P 
olyyi 
yvinyl Plastic 
Nylon Braid 
P d Braid 


Stainless Steel Armore 


Silicone Treated 


Cotton Braid Lead Jacket 


Ask for Bulletin No. 1200 for Application 
Dete and Complete Specifications on 
Thermocouple and Extension Wire 


sare 
‘le 


SERVIC! 
CLAUD S. GORDON Co. 


Manufacturers & Distributors 
Thermocouple Supplies + Industrial Furnaces & Ovens 
Pyrometers & Controls Metallurgical Testing Machines 

613 West 30th Street, Chicago 16, 
2021 Hamilton Avenue, Cleveland 14, Obie 


CHROMEL ALUMEL 
CONSTANT 
— 
43 
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insulating firebrick ~ 


in best meets your needs ? 


Only Johns-Manville’s insulating brick family offers the right 
combination of properties... for furnace requirements to 3000F! 


J-M's nine different insulating 
firebrick* means you never have to 
settle for a brick that’s nearly right! 
Instead, you choose the one brick 
that best meets your needs . . 

for such important properties as 
temperature resistance, load-bearing 


strength, conductivity and density. 

Johns-Manville has two strategi- 
cally located plants for the production 
of insulating brick: Lompoc, Cali- 
fornia, and Zelienople, Pennsylvania. 
Brick are available from the stocks 
of authorized Johns-Manville dis- 


tributors in key industrial areas. 

For complete information, call 
your nearest J-M representative. Or 
write for brochure IN-115A to Johns- 
Manville, Box 14, New York 16, 
New York. In Canada, Port Credit, 
Ontario. 


*Sid-O-Cel® Super and C-22 insulating brick are for back-up use only 


JM Johns -Manville 
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ing. Machinability rating of stainless 
steels. Crucible Steel Co. 


1760. Magnesium Alloys 


Loose-leaf folder of data and tables on 
chemical specifications, properties, extru- 
sion, machining operations. Brooks and 
Perkins 


1761. Magnesium Dust 

8-page brochure on methods of col- 
lecting and controlling magnesium alloy 
dust and fumes. Peters-Dalton 


1762. Magnesium-Zirconium 

10-page reprint on an investigation of 
zirconium chloride, zirconium fluoride, 
40% zirconium-magnesium material for 
making magnesium zirconium alloys. 
Titanium Alloy Mfg. Div. 


1763. Metal Powders 

8-page bulletin 561 gives specifications, 
properties and uses of metal powders 
Metals Disintegrating Co. 


1764. Microhardness Tester 


Bulletin describes the Kentron micro- 
hardness tester. Torsion Balance Co. 


1765. Microscopes 

22-page catalog describes microscopes 
featuring ball bearings and _ rollers 
throughout the focusing system and a 
low-position fine adjustment, wer; 
comfortable operation. Bausch & Lom 


1766. Microscopes 

40-page catalog on metallographs, met- 
allurgical, toolmakers, stereoscopic, polar- 
izing, phase and other microscopes. Uni- 
tron Instrument Div., United Scientific 


1767. Moisture Measurement 
12-page bulletin on how to measure 
water vapor in air and other gases. 
Gravometric, dew point and wet and 
dry bulb methods, and others. Pittsburgh 
Lectrodryer 


1768. Molybdenum 


8-page reprint on arc-cast molybdenum 
describes machining procedures, tools 
and equipment. How to machine a turbine 
wheel. Climax Molybdenum Co. 


1769. Nickel Alloy 


12-page booklet on Hastelloy Alloy 

R-235, vacuum-melted wrought alloy 
containing aluminum and _ titanium. 
Haynes Stellite Co. 


1770. Nitriding 


Data on process for nitriding stainless 
steel. Standard Steel Treating 


1771. Nondestructive Testing 

8-page bulletin on uipment for non- 
destructive testing of bars, rods, tubing. 
Magnetic Analysis 


1772. Nonferrous Wire 

Folder gives wire gage and footage 
chart and data on beryllium copper, 
phosphor bronze, nickel, silver, = 
and aluminum wire. Little Falls Alloys 


1773. Oil Quenching 
8-page brochure tells in 
carbon steel often can replace alloy 
steel when additive is used in the 
quenching oil. Aldridge Industrial Oils 


1774. Ovens 


Bulletin 10-S on cabinet ovens de- 
scribes those for use with gas, electric 
and steam heat for temperatures to 

F. Young Brothers 


1775. Ovens 

16-page bulletin Ne. 53 on various types 
of core and mold ovens, special ovens 
and heat treating furnaces. Carl-Mayer 


1776. Pickling Baskets 

12-page bulletin on mechanical picklers, 
crates, baskets, chain and accessories. 
Youngstown Welding & Eng’g 


detail how 
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1777. Pickling Baskets 


Data on baskets for degreasing, pick- 
ling, anodizing and plating. Jelliff 


1778. Plating 


Folder on electroplating with metal 
fluoborate solutions—lead, tin, iron, cop- 
per, nickel, cadmium and indium. Baker 
& Adamson 


1779. Plating Solutions 

Operating manuals for plating with 
metal fluorborate solutions. Baker & 
Adamson. See page 55 


1780. Polishing Materials 


20-page booklet includes samples of 
emery, aluminum oxide and silicon car- 
bide pepers and 12 polishing cloths. 
Buehler, Ltd. 


1781. Powdered Iron 


Properties of Plast-lron with and with- 
out copper. Plastic Metals Div. 


1782. Powdered Metals 


Data sheets on sintered iron, steel, 
brass alloys, bronze alloys and bronze 
filters. Dixon Sintaloy, Inc. 


1783. Precision Casting 

Fact Sheet tells what Shaw process is, 
what alloys can be used, equipment, tol- 
erances, and shows examples of invest- 
ment castings. Shaw Process Develop- 
ment 


1784. Precision Casting 

8-page bulletin on investment castings 
of various ferrous and nonferrous alloys 
Engineered Precision Casting 


1785. Product File 

30 new products and 500 pieces of 
literature described in 20 page reprint 
of items appearing in monthly magazine 
during fourth quarter. Metal Progress 


1786. Pyrometer Calibration 
“Pyrometer Thermocouple Calibration 

Data” includes tables of data released by 

National Bureau of Standards. Bristol Co. 


1787. Pyrometers 
32-page thermocouple and 
bulletin. West Instrument 


1788. Pyrometers 

Catalog 168 on surface pyrometer for 
surface and subsurface temperature read- 
ings. Pyrometer Instrument 


1789. Quench Agitation 


Information on mixers and agitators, 
including units applicable to industrial 
quenching equipment. Mixing Equipment 


1790. Quenching. 

16-page booklet on modified and full 
marquenching procedures. Hardness and 
dimensional contro] data, cooling curves, 
case histories. Sinclair Refining Co. 


1791. Quenching 


Bulletin 120 on use of heat exchangers 
to provide heat control in quenching bath 
Niagara Blower 


1792. Quenchin 

64-page book tells what happens when 
steel is heated and cooled, describes 
quenching media, quenching practices, 
interrupted quenching and cooling meth- 
ods. E. F. Houghton 


1793. Radiation Detection 

Data bulletins on cells give their ad- 
vantages, describe two models and ex- 
plain engineering principles. Servo Corp 


1794. Radiation Products 


8-page catalog on equipment for nuclear 
research. Radioactive sources, shielding 
and exposure equipment, instruments, 
services. Budd Co 


1795. Rare Earths 
8-page Progress Report Number 1, 
“Rare Earths in Iron and Steel Melting.” 
Molybdenum Corp 
(Continue 


accessory 


on page 48-A) 


TITANIUM 
AMS 490) 


TITANIUM 
RSIIO Bx 


TITANIUM 
AT 


TITANIUM 
8% MN 


Titanium Cylinders 
drawn in one stroke 
on the same die 


Titanium, magnesium, zirconium, 
stainless and aluminum 2024 are 
deep drawn in one operation by 
Brooks & Perkins. 

Cost of staging dies and intermediate 
anneals is eliminated. 

.. . Whenever you are faced with a 
difficult or delicate operation-prob- 
lem in Magnesium or Titanium, a 
talk with B&P engineers is well worth 
while. 


Engineering Facilities 
in Detroit and Los Angeles 


.. . Write for Titanium and Magne- 
sium engineering data — also folder 
on B&P’s facilities to handle tough 
jobs. 


BROOKS & PERKINS, Inc. 


Magnesium Titanium Fabrication 

Magnesium and Boral Sheet and Plate 
1958 West Fort St 
Detroit 16, Mich 
Phone: TAshmoo 5.5900 
IN LOS ANGELES: 
11655 Vanowen 
North Hollywood, Cal 
Phone: STanley 7.9665 

OFFICES IN NEW YORK, WASHINGTON, DALLAS 
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STAINLESS 


This is a twoelement expansion joint used 
in power, heating, industrial and process 
applications. Its job is control of thermal 
expansion in pipelines. And it’s constantly 
exposed to the triple-hazards of corrosion, 
high pressures and temperatures. 


fights corrosion, temperature 


and fatigue 
in this 
double 


expansion 


joint 


These are good reasons why its maker, 
Badger Mfg. Co., Cambridge, Mass., found 
Crucible type 321 stainless steel sheet their best 
choice. For Crucible stainless is easy to 
fabricate, has good physical properties, and is 
exceptionally resistant to corrosion and heat. 

Consider the advantages of stainless for your 
products. For more details see your local 
Crucible representative. He’ll be happy to supply 
technical data, or arrange for prompt delivery 
of the steels you need. 

Crucible Steel Company of America, 
The Oliver Building, Mellon Square, 
Pittsburgh 22, Pa. 


Crucible worked with the manufacturer, Badger Mfg. Co., 
in the development of this new-type stainless steel expansion joint. 
Made from a single tube, its maximum diameter approximates 
that of ordinary flanged fittings. 


CRUCIBLE first name in special purpose steels 


Crucible Steel Company of America 


Canadian Distributor — Railway & Power Engineering Corp., Lid. 
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ADVANTAGES of “SUPERCASE” 


CLOSER LIMITS 
Very Light Case required. 
REWORKING 


Case can be removed, parts 
reworked and re-nitrided. 


SELECTIVE BASIS 


Small areas may be masked to 
remain soft after nitriding. 


VARIETY 
“SUPERCASE” may be used on 


all stoinless steels. 


DECEMBER 1956 


OUR NEW PROCESS for NITRIDING STAINLESS STEEL 


“SUPERCASE” is especially adaptable for use on parts where 
an extremely hard, wear resistant surface with maximum 
corrosion resistance is needed. 


“SUPERCASE” has already been successfully proven in use by 
Electronics, Aircraft, Carburetor, Transmission and Small Parts 
manufacturers. 


“SUPERCASING” is rapidly being adopted by manufocturers 
in many other fields of industry. 


Advantages of “SUPERCASE” Over Older Nitriding Methods 


1. “SUPERCASE” depths are controlled to closer limits. A uniform, extremely 
hard case, approaching the hardness of a diamond, is obtained by this process 
with only a light case required. Normal case depth ranges between .0003 to 
0007, yet wear tests on “SUPERCASED” gears prove they outlasted, by sever - 
al times, the life of the unit to be used 


2. “SUPERCASE” may be removed in the event of a change after parts hove 
been finished — the parts re-worked and then re-nitrided 


3. “SUPERCASE” may be done on a selective basis. To machine on area 
further after nitriding, area con be masked off and will remain soft after 


processing. 


4. “SUPERCASE” can be used on all types of Stainless Steel, 
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more for your 


money 
with stainless 


iS GOOD ENOUGH 


The best stainless tubing for a specific application 
cannot be identified by surface appearance alone. The 
answer is found in the grain structure. Because your 
guarantee of satisfactory service rests inside the metal, 
it is most important for the stainless tubing buyer 
to consider his supplier's methods of manufacture. 

Corrosion resistance, which prevents product 
contamination, depends upon heat treatment. Heat 
treatment of stainless steel tubing for a specific end 
use may vary according to grade, size of tube and 
service requirements involved. For instance, the 
austenitic grades of stainless steel have optimum 
corrosion resistance only when all carbides have 
been dissolved and retained in solution by rapid 
cooling. At B&W, heat treatment is rigidly con- 
trolled, and every piece of stainless tubing is heat 
treated to provide optimum corrosion resistance 
when that property is required. 

For virtually any application—pressure or me- 


chanical—B&W can provide either seamless or 


Seamless and welded tubular products, seamless welding fittings and forged stee! flanges 
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welded stainless tubing in any number of grades, in 
a broad size vange. Help is available through B&W 
Regional Sales Offices and a nationwide network of 
experienced tubing distributors. Mr. Tubes—your 
link to B&W —will be pleased to furnish detailed 
answers to your stainless tubing problems. The 
Babcock & Wilcox Company, Tubular Products 
Division, Beaver Falls, Pa. 


carbor alloy and stainless steels 
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(Continued from page 45) 


1796. Refractories 


8-page bulletin on castable refractories 
tells how to apply, properties, how much 
to use and where to use them. Refractory 
& Insulation Corp. 


1797. Refractories 

8-page catalog of fired refractory ma- 
terials. 19 standard brands are classified 
and discussed as to properties and appli- 
cations. Richard C. Remmey Son Co 


179%. Refractories 

12-page brochure on products for cast- 
ing special refractory shapes and for 
gunning and troweling applications, for 
service to 3000° F. Johns-Manville 


1799. Refractory Cement 

New 8-page folder on heavy duty brick 
bonding and patching mortar. How it is 
used. Service reports. Refractory & In- 
sulation Corp 


1800. Refractory Cement 
Bulletin discusses refractories and heat 
resistant concrete. Lumnite Div 


1801. Refractory Metals 

?4-page booklet on tungsten, molybde- 
num, tantalum, their properties and uses 
Fansteel Metallurgical Corp 


1802. Roll Formed Shapes 

24-page Bulletin 1053 on designing, 
forming and producing shapes from fer- 
rous and eanieaseus metals. Roll Formed 
Products Co 


1803. Rolling Mills 

Catalog on line of machines for rolling 
ferrous and nonferrous metals gives de- 
scriptions and lubrication and mainte- 
nance instructions. Fenn Mfg. Co 


1804. Rotary Knives 

New bulletin on various types of slit- 
ting knives and other tools designed for 
unusual requirements. Cowles Tool Co. 


1805. Rust Preventives 
12-page bulletin on water-soluble rust 
preventive. Production Specialties 


1806. Rust Removal 

Booklet on stripper for removal of rust, 
paint, phosphate coatings and other soils 
Metasurf Corp. 


1807. Salt Bath Furnace 

Bulletin 655 on immersed electrode salt 
bath furnace gives advantages, applica- 
tions, construction. Hevi Duty 


1808. Salt Bath Furnaces 
Data on salt bath furnaces for batch 
and conveyorized work. Upton 


1809. Sand Control 

32-page book on defects and troubles 
in foundry and how to remedy them 
through sand control. Claud S. Gordon 


1810. Saws 
Catalog C-55 describes 35 models of 
metal-cutting saws. Armstrong-Blum 


1811. Shothblasting 

16-page “Primer on the Use of Shot 
and Grit”. Problems of blast cleaning 
operations. Hickman, Williams 


1812. Sintered Carbides 

24-page booklet on the characteristics 
of the various grades, for research and 
design engineers. Kennametal 


1813. Slitter 


New 16-page booklet on rotary gang 
slitters. Sheet and coil slitting methods 
summarized. Stanat Mfg 


1814. Sedium 

28-page booklet on using sodium in 
dispersed form tells how dispersions are 
prepared and handled, and their advan- 
tages. Ethyl Corp 


1815. Soldering Flux 

New 2-page bulletin on use of liquid 
rosin flux in electrical, electronic and 
printed circuit soldering. Alpha Metals 


1816. Specification Key 

Guide to Government specifications for 
Jhosphatizing, rustproofing and paint 
—— chemicals. American Chemical 
Paint 


1817. Spoctregragh 

24-page booklet on Echelle spectro- 
graphs. Advantages. Type of work pro- 
duced. Bausch & Lomb 


1818. Spectrographic Supplies 

20-page catalog on special pure ma- 
terials and alloy standards, plates and 
films and graphite electrodes and pow 
ders. Jarrell-Ash 


1819. Spectroscopes 

New catalog on diffraction, prism, re- 
version and ultraviolet spectroscopes and 
accessories. Ealing Corp 


1820. Stainless Steel 

12-page booklet on new AM 350 chro- 
mium-nickel-molybdenum stainless steel 
which is hardenable by subzero cooling 
or double aging. Allegheny Ludlum 


1821. Stainless Steel 
Booklet on 430 stainless. Properties 
fabrication. Sharon Steel 
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1822. Stainless Steels 

16-page booklet on heat treatment of 
Stainless steels. Operating data for an- 
nealing and handling. Physical property 
data. Pickling and descaling. Crucible 
Steel Co. 


1823. Stainless Strip 

32-page brochure on 20 types of stain- 
less strip steel. Recommended applica- 
tions, chemical, physical and mechanical 
properties, corrosion resistance. Superior 
Steel Corp 


1824. Stainless Tubing 

New 12-page brochure on stainless steel 
heat exchanger and condenser tubes 
Process, manufacture, chemical composi- 
tion and analysis. Republic Steel 


1825. Steel Tubing 

Data Card 146-A on properties, bending 
welding, heat treatment and working 
pressure of Croloy steel pipe and tubing 


Babcock & Wilcox 


1826.  Stress-Strain Recorders 
28-page bulletin No. 4215 on 16 standard 
recorders and 50 models of strain follow- 
ers, for use on standard testing machines 
Baldwin-Lima-Hancilton 


1827. Sub-Zero Treatment 

New 12-page booklet on industrial 
chilling equipment for shrinking, testing 
and treating of metals. Cincinnati Sub 
Zero Products 


1828. Sulphur Determination 

New bulletin on high frequency com 
bustion unit for determination of sul 
phur. Lindberg Engineering 


1829. Super High Speed Steel 
Folder on molybdenum, 8% cobalt high 
speed steel for use at speeds 20 to 25 
greater than with ordinary high speed 
steel. Heat treatments. Firth Sterling 


1830. Temperature Control 

Facts folder on Magamp link units for 
proportional temperature control systems 
Westinghouse Electric 


1831. Temperature 
Conversions 
16-page book of standard temperature 
conversion tables and thermocouple tem- 
perature-millivolt equivalents. Wheelco 
Instruments 


1832. Temperature Indicators 

Data sheet ND42-33 (1) on portable 
indicators for thermocouple measure- 
ments. Specifications, ranges and replace 
ment parts. Leeds & Northrup 


FIRST CLASS 
PERMIT No. 1595 


(Sec. 49 PL. BR) 
Cleveland, Ohio 


BLAZING 
THE 
HEAT 
TREAT 
TRAIL— 


WITH 


LET'S TALK ABOUT 


REFRACTORY 
RAILS 


With the current shortage of nickel, furnace manufacturers are 
looking for ways to replace or conserve this scarce commodity, 
It is interesting to note that Holcroft tackled this same problem 
during World War Il when a nickel shortage also faced the 
industry. 


In 1945 we designed and installed a pusher tray gas atmos- 
phere furnace that used refractory skid rails instead of the 
nickel chrome alloys used at that time. Since then we have ex- 
panded their use to many other comparable applications so 
that now there is positive proof that properly designed installa- 
tions of refractory skid rails lust much longer, under similar 
conditions, than those made from nickel alloys. Replacements 
have been negligible—performance has been superior ~ 
material costs have been lower—and a marked decrease in 


wear on work carriers has been noted. 


Yes, today a nickel shortage still exists—but Holcroft offers a 
job-proven answer, not only for the rails but for other vital parts 
of a heat treat furnace as well. You can bank on Holcroft's 
engineering leadership and experience —the kind that saves 


not only nickel—but dollars, too! Write for information, 


HOLCROFT AND COMPANY 


(< alg 6545 EPWORTH BOULEVARD «+ DETROIT 10, MICHIGAN 
PRODUCTION WHEAT TREAT FURNACES FOR EVERY PURPOSE 


CHICAGO ILL CLEVELAND OHIO HARTFORD CONN HOUSTON TEXAS LOS ANGELES CALIF «© PHILA PA 
CANADA Waiber Metal Products Ltd Windsor 


i, 
> 
n A all 
5 
| | — 
| 
= 
— 
“ 
ASA 


THE MARK OF 


Die-casting quality boosted 


with close temperature control 


by 400 series Capacitrol 


Wheelco 
Instruments 


(Photo Courtesy Joy Manufacturing Co) 


Wheelco instruments control melting 

and holding burners on dry hearth furnace 
recorder makes permanent record 

of bath temperature 

Improved production . .. improved 
quality of die castings are twin 


features of Surface Combustion’'s 


dry hearth aluminum melting fur- 

naces. Paster production ts possi- 

ble with double chamber design aluminum is melted in one 
chamber and held at precise pouring temperature in the other 
Improved quality is the result of the accuracy of Wheelco’s Series 
400 Capacitrols which control the melting and holding burners 
The aluminum bath is held at 1450°F with no wide swings in 
temperature due to the addition of cold metal 


Wheelco Series 400 Capacitrols offer a wide choice of control 
forms, using reliable electronic circuits. Plug-in components speed 
servicing or maintenance. Your Wheelco field engineer is ready to 


solve your control problems now Call him soday! 
WHEELCO INSTRUMENTS DIVISION 


Barber-Colman Company 


DEPT. L. 1518 ROCK STREET, ROCKFORD, ILLINOIS 
BARGBER.COLMAN OF CANADA, LTD., Dept. |, Toronto and Montrecl, Canada 
industrial Instruments « Automatic Controls . Air Distribution Products 


Aircraft Controls « Small Motors Overdoors and Operators « Molded 
Products « Metal Cutting Tools « Machine Tools . Textile Machinery 
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1833. 


them. Tempil 


1834. 


test 


bar 


for 


Temperature 


Measurement 
Bulletins on Tempilstiks and Tempilaq 
describe 


lest Bars 
Specifications of new cast-to-size tensile 
materials 


investment 


products and tell 
Corp. 


cast 


Investment Casting Institute 


1835. 


18-page bulletin No 


test bar patterns 


Test Bars 


how 


to 


use 


168 on design of 
production of test bars, 


testing procedures. Federated Metals Div. 


1836. 


Data on machine for 


mens 
Industries 


to 


1837. 


24-page 


Test Specimens 


ASTM 


cutting test speci- 
specifications 


Sieburg 


Testing Machines 


Bulletin 
of Super “L 
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on 


complete 
universal testing machines 


line 


Indicating systems, loading systems, dia- 


grams of various machines 


1838. 
44-page catalog EN-S2 describes cou- 
general applica- 
tion and for special plant and laboratory 
Tabular data on accuracy and limits 


ples 


USES 
of « ouples 


1839. 


Bulletin on 


couples 
Thermo Electric Co 


1840. 


New 
automatic 
ferrous 
of coatings 


1841. 


Bulletin 
measuring 
steel 


and 


Thermocouples 


Thermocouples 
miniature 
Construction 


and assemblies for 


Leeds & Northrup 


gasket 
apd 


Thickness Control 


12-page 


booklet 
control 
and 


of 


nonferrous 
Industrial Nucleonics Corp 


Tinius Olsen 


thermo- 
application 


on systems for 
strip thickness of 
cold mills and 


Thickness Measurement 


2253-J 
metal 
coatings 
shellac, ceramics and plastics 


Instrument 


1842. 


6-page catalog on 
testers 


coatings 
of 


instruments 
iron 


on 
paint, 


for 


varnish 
American 


Thickness Testers 
thickness 


of five models 


1843. 

Data sheet on MST 6A1-4V high tem- 
perature 
fatigue properties. Mallory-Sharon Titan- 
ium Corp. 


1844. 


12-pa 
alloy 


Phy 


Titanium Alloy 


titanium 


Titanium Alloy 
booklet 


sical properties, elevated-tem- 


Characteristics 


Audigage 
and 


alloy 


Creep 


applications 
Branson Instruments 


and 


on C-120AV titanium 


perature properties, creep, fatigue, weld- 


ing, machining, heat treatment 


Titanium 


1845. 


44-page stock 


Tool Steel 
list 


is indexed and in- 
cludes sizes, weights, and analyses 


Rem-Cru rous and nickel-base alloys. Quality con- 


trol. Cannon-Muskegon Corp 


1857. Vacuum Metallizing 
Bulletin 780 gives uses and advantages 


Deci- of vacuum metallizing, materials and 


mal conversion and hardness conversion properties of vacuum metallized coatings 


tables 


1846. 


book. Types 
of tool steels 
ucts 


Uddeholm 
Tool Steel 


the process, equipment. Stokes 


1858. Vacuum Metals 


Fourth edition of the 204-page hand- File of data on vacuum-melted metals 
properties and applications and their applications for bearings and 

Selection, tool steel prod- the chemical industry. Development of 

working tool and high speed steels the vacuum metals. Vacuum Metals Corp 


Allegheny Ludlum Steel Corp 


1847. 


Tool Steel 


1859. Vacuum Pumps 
New 28-page catalog No. 752 contains 


44-page book on tool steels the specifications, tables of formulas, con- 
nonmetallurgist explains the basic stants and conversion factors. Mainte- 
kinds of tool steel and their heat treat- nance procedures, F. J. Stokes 

ment. Crucible Steel 


1848. 


124-page 


Shooter” 


assigns 
faults 


treatment 


factors 


1849, 


Data 


on 


mechanical 
Bethlehem Steel 


lool Steels 


air-hardening 


Tool Steel Failures 
Steel 
tool failures 


among 


book, “Tool 
analyzes 107 
causes 
tool steel faults 


improper 


operational 1861. Welding 


and 


hot 


1860. Weight Slide 


Folder on weight slide rule for figur- 


Trouble ing weights of forgings, stock, castings 
and and others. How slide works. Novotni 
design Slide Rules 
heat 


New 52-page manual on all methods 
of metal joining usual to the welding 
shop plus metal cutting without oxygen 

die All-States Welding Alloys 


steel for forging. Ziv Steel & Wire Co 


1862. Welding Alloy Steel 


1850. Tubing 44-page Data Book 4D covers all types 
Memorandum No. 2 on Weldrawn tub- of welding of nickel alloy steels. Inter- 
ing fabricated from cold-rolled strip, national Nickel 


fusion welding the edges and cold draw- 
Superior Tube 


ing to size 


1851. 
Data Memorandum No. 1 lists 121 metals ’ . 

and alloys from which company produces 1864. W elding Rods 

small diameter tubing. Superior Tube Co 32-page publication B-13 on welding 

1852. 


12-page 


Inst 


1853. 
Results of three years research and test parts. Cambridge Wire Cloth 
program 


evaluating 


4340 steel for 


national Nickel 


1854. 


Data sheet on operating principles and radiation. Picker X-Ray 


specifications for 
generators 


1855. 

Data folder describes instruments using units described. General Electric, X-Ray 
ultrasonics for various tests 
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Ultrasonic Testing 


1580 
158! 
1582 
1583 
1584 
1585 
1586 
1587 
1588 
1589 
1590 
1591 
1592 
1593 
1594 
1595 
1596 
1597 
1598 
1599 
1600 
160! 
1602 
1603 
1604 


1605 
1606 
1607 
1608 
1609 
1610 
1611 
1612 
1613 
1614 
1615 
1616 
1617 
1618 
1619 
1620 
1621 
1622 
1623 
1624 
1625 
1626 
1627 
1628 
1629 


1630 
1631 

1632 
1633 
1634 
1635 
1636 
1637 
1638 
1639 
1640 
1641 

1642 
1643 
1644 
1645 
1646 
1647 
1648 
1649 
1650 
165! 

1652 
1653 
1654 


1655 
1656 
1657 
1658 
1659 
1660 
1661 
1662 
1663 
1664 
1665 
1666 
1667 
1668 
1669 
1670 
1671 
1672 
1673 
1674 
1675 
1676 
1677 
1678 
1679 


1680 
168! 

1682 
1683 
1684 
1685 
1686 
1687 
1688 
1689 
1690 
1691 

1692 
1693 
1694 
1695 
1696 
1697 
1698 
1699 
1700 
1701 

1702 
1703 
1704 


1705 
1706 
1707 
1708 
1709 
1710 
1712 
1713 
1714 
1715 
1716 
1717 
1718 
1719 
1720 
1721 
1722 
1723 
1724 
1725 
1726 
1727 
1728 
1729 


1730 
1731 
1732 
1733 
1734 
1735 
1736 
1737 
1738 
1739 
1740 
1741 
1742 
1743 
1744 
1745 
1746 
1747 
1748 
1749 
1750 
1751 
1752 
1753 
1754 


1863. Welding Equipment 
Catalog on Cadwell process and are 
welding accessories. Erico Products 


rods and procedures for welding copper 
and copper alloys. Joint design. Table of 


Tukon melting point colors. American Brass 
Wilson 


1865. Wire Cloth 


Bulletin 113 on wire cloth in various 
alloys, in bulk or specially fabricated 


Type 
1866. \-Ray 


12-page bulletin on gamma radiography 
tells how to select the source, equipment 
techniques and fundamentals of gamma 


ultrasonic 
Associates 


1867. X-Ray Diffraction 
New 4-page bulletin on X-ray diffrac- 
tion for research, production control. Two 


immerscope, 


“B” scan and flaw recorder. Curtiss- 1868. \-Ray Equipment 
Wright 12-page booklet on 250-kv. constant 
- otential X-ray equipment for internal 
1856. Vacuum Alloys Adventagne design features 
Folder on vacuum melted cobalt, fer- Westinghouse Electric 
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SEND NOW 


for “Blue Sheet’”’ 
on Grade B-47 


This four-page folder 
gives technical data on 
B-47 for brass extrusion 
dummy block and dies, 
valve extrusion die in- 
serts, hot punch tools, 
forging die inserts, press 
forging dies, and hot 
work in general. Write 
for your copy today. 


ADDRESS DEPT. MP-84 
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SOME TYPICAL EXAMPLES 


gives you more runs for your money 


... anywhere from 1¥%2 to 5 times the Performance! 


B-47 dummy blocks, vs. 9% 
and 12° wngsten types, ex- 
truded more than twice as 
many brass and copper thes 
B-47 dies outperformed 12° 
tungsten type 14 wo 1 


B-47 dummy blocks, vs. 9% B-47 punches, 
mum type, hot extrusion forged 
times as Many automouve 
steel front axle spindles motive valves 


tungsten-5°) chromium types, 
extruded twice as many co per 
and brass tubes and rods, 5-47 
dies outperformed 12% tung 
sten- 12°) chromium type 


Looking for a better hot work steel? 
You'll find it in B-47—an improved 
chromium, tungsten, cobalt, vanadium 
type whose superiority is established 
by actual performance runs such as 
those summarized above. All tests 
show that B-47 has unusual resistance 
to shock and abrasion at elevated 
temperatures. 

Developed originally for applica- 
tions in the copper and brass industry, 
B-47 has given excellent results on 
dificult hot work jobs on steel. B-47, 


B.47 punches, vs. low-carbon 
18-4-1 type, hot pierced more gear lorgings. 1-47 die inserts, 
than twice as Many eyes in ve coal 

steel axes. See top picture 


die inserts, vs. 9% tne 
sten types, hot pressed more 
than twice as many steel side 


ar insert material, 
formed better than 5 wo 1 


chro die inserts, vs, 9% tuna 
sten types, excruded times 
as many high alloy steel sate 
id 
ered a very ditheult job for any 
grade of hot work 


when properly heat treated, exhibits a 
well rounded combination of red 
hardness, toughness, and resistance to 
wear and heat checking that makes it 
a valuable addition to the Allegheny 
Ludlum group of hot die steels, 

Put B-47 to the test. You'll find that 
it will do any number of severe hot 
work jobs without washing out or 
changing size. Get in touch with A-L, 
today. Let us help you to use B-47. 


@ Allegheny Ludlum Steel Corporation, 
Henry W. Oliver Bldg., Pittsburgh 22, Pa. 


For complete MODERN Tooling, call 


Allegheny 
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This control relay is the heart of the new Series 60 
electric proportioning control system... which also 
includes a Speedomax® indicator/recorder, a primary 
element and a final control device. 


WITH THIS NEW SERIES 60 CONTROL 


@ If you're wasting valuable furnace time bring- 
ing a batch to temperature . . . slowing down heat- 
ing rate to prevent overshoot . . . Series 60's adjust- 
able rate of approach will bring furnace to control 
point smoothly—safely——in shortest possible time. 

If you're losing production on your continuous 
processes due to hot spots . . . slow start-ups... . 
poor combustion, Series 60's sensitivity, speed of 
response and control actions will provide fast, uni- 
form heat distribution within the furnace . . . head 
off temperature departures as soon as they start. 

Regardless of your process, if your furnace, your 
product and your production isn’t benefiting fully 
from your present controls, it'll pay you to look 
into Series 60. 


COMPLETE, FLEXIBLE SYSTEM Heart of this flex- 
ible system is L&N’s new, compact Series 60 elec- 
tronic proportioning control relay which receives 
information from the Speedomax indicator /re- 
corder . . . immediately amplifies it and adjusts the 
final control device to hold temperature in line. 
This control relay is only 6” x 11” x 11”—about 
half the size of the Series 50 unit which it replaces. 
It’s an integral part of our new Speedomax H in- 
struments . . . mounts in its own case when used 
with Speedomax G. Expendable components 
tubes, electrolytic capacitors, etc.—are plug-in for 
fast servicing. 


VARIETY OF CONTROL ACTIONS Series 60 is 


available for Position-Adjusting Type (P.A.T.) 
or Duration-Adjusting Type (D.A.T.) control. 

P.A.T. regulates input by adjusting the position 
of a valve; D.A.T. provides a two-position opera- 
tion of the final control device . . . regulates input 
by adjusting the durations of heat-on time of a 
contactor, or of full-open time of a valve. 

P.A.T. is supplied for single-action ( propor- 
tional) or 3-action (proportional, reset and rate) 
control . . . D.A.T. for two-action (proportional 
and reset) or 3-action control. Proportional regu- 
lates input according to size . . . reset according to 
duration . . . and rate according to speed of temper- 
ature change. Choice of type depends upon your 
product, your process and your production. 

In the 3-action units, reset and rate operate in- 
dependently—permit optimum settings for best 
possible control. Reset is adjustable from 0-100 re- 
peats/min; first step above zero is .01. Rate time is 
continuously adjustable from 0-8 minutes. 

For a full description of Series 60 control, con- 
tact your nearest L&N office, or write 4927 
Stenton Avenue, Philadelphia 44, Penna. 


LEEDS IN NORTHRUP 


iastruments | automatic controle furnace® 
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write cirect to maenutaecturers. 


choose 


REXALLOY 


cast 
parts 


high strength « corrosion and abrasion resistance « fine finish 


When high-hardness—even at elevated temperatures— resistance to corrosion and 
abrasion, and smooth, clean finish are important—Crucible REXALLOY® can't 
be beat. It’s a chromium-tungsten-cobalt base nonferrous alloy. 

What’s more, REXALLOY parts can be produced to close tolerances, in 
almost any shape, by either investment, sand, or the new shell-mold casting 
process. Finishing operations are practically eliminated—costs substantially 
reduced. 

Check on the advantages one of the many types of REXALLOY castings 
has for your product. Your Crucible representative will give you all the facts. 


Crucible Steel Company of America, The Oliver Building, Mellon Square, 
Pittsburgh 22, Pa. 


C B UJ C | a LE | first name in special purpose steels 


Crucible Steel Company of America 
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Your problem might be solved by fluoroscopic 
inspection. The exclusive Westinghouse Fluorex 
Image Amplifier extends the field of internal in- 
spection with fluoroscopy. 


Portable Balteau X-ray equipment shown on the job during a typical Radiographic inspection of large castings is accom- 
pipeline inspection. Westinghouse now distributes this versatile line. plished faster with the stationary 250 KV Con- 
stant Potential Unit. 


From Pipelines in Texas to Castings in Peoria 


Westinghouse Industrial X-ray Equipment 
can handle any X-Ray inspection problem 


Now — with transportable units, stationary — If you feel that our staff of Industrial X-Ray 
units up to 250 KV capacity, production line Engineers can assist you in any way, please 
units and the versatile fluoroscopic units using write: Westinghouse Electric Corporation, 
image amplification, Westinghouse solves your X-ray Division, 2519 Wilkens Avenue, Balti- 
most difficult internal inspection problems. more 3, Maryland. 


you Can Be SURE...i1F 


Westinghouse 
Electric 


Corporation 


Westinghouse 


2519 Wilkens Avenue, 
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MCA 


permits design engineers and metallurgists 
new latitude, the wide-open throttle 


Alert design engineers may once more avail themselves of the special 
properties of columbium without fear of inadequate supplies. Severe re- 
quirements for highly stressed parts (such as turbine blading and exhaust 
manifolds) demand the best material, not near-substitutes. 

The future promises more exacting demands, and engineers have been 
quick to recognize the help they can get from columbium to enhance high- 
temperature strength and corrosion-resistance. 

MCA, in manufacturing columbium products, pledges the same high 
quality and uniformity that has distinguished MCA tungsten, molybdenum, 
boron and rare earth alloys and chemicals . . . to meet fully your specifica- 
tions, with the usual excellent service and delivery. Write today. 


MOLYBDENUM 2s 


Grant Building CORPORATION OF AMERICA 


Pittsburgh 19, Pa. 
Offices: Pittsburgh, Chicago, Los Angeles, New York, Son Francisco 
Soles Representatives; Brumley Donaldson Co., Los Angeles, San Francisco 
Subsudiary Cleveland. Tungsten, Cleveland 
Plants: Washington, Pa., York, Pa, 


DECEMBER 1956 
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INTO YOUNGSTOWN COLD FINISHED BARS 


Leading producers of thousands of high-quality screw ma- 
chine products have made Youngstown Cold Finished Bars 
their regular specification for long trouble-free production 
runs. That’s because they’re quality-controlled throughout all 
production phases from ore mine to cold finishing. 

They possess the best chemical composition, physical struc- 
ture and surface conditioning—a result of Youngstown’s half- 
century of steelmaking know-how. For improved machine 
finishes and increased tool life at greatly increased machining 
speeds, always specify Youngstown—your best assurance of 
quality and product uniformity. 

For additional help or information call our nearest District 
Sales Office today—or write directly to our Home Office. 


ol BUILDS INCREASED MACHINABILITY 
nit 


COLD FINISHED | | KS 


SHEET AND‘ TUBE COMPANY 


Manufacturers of Carbon, Alloy and Yoloy Steel 


General Offices - Youngstown 1, Ohio 
District Sales Offices in Principal Cities 
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Write for Free, 
Helpful Literature 


... designed to help you get better 


plating results, faster, at lower 


cost with BzA Metal Fluoborates 


To help you save time and money and get better results 
through the proper use of metal fluoborate plating solu- 

tions, Baker & Adamson offers you a wide range of im- 
portant technical literature. 


Here you will find complete details on plating from 
fluoborate baths, including operating data covering 
bath composition, control, plating rates, etc., as well 

as many other extremely useful facts. 


As the pioneer producer of fluoborate solutions for 

plating, Baker & Adamson has accumulated exten- 
FINE CHEMICALS sive application experience. These technical bul- 
letins offer you the benefits of this experience — 
without cost or obligation. 


® 
BAKER & ADAMSON 
Fine Chemicals 


GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION REAGENTS 
40 Rector Street, New York 6, N. Y. 


Mail the coupon below for the information of 
interest to you. Then, if you wish, just call or write 
for a free technical consultation. 


Mail this coupon now for free, helpful literature! 


CADMIUM FLUOBORATE INDIUM FLUOBORATE NICKEL FLUOBORATE 


0 TA-34921 Cadmium Plating from the © TA-37991 Indium Plating from © TA-40221 Barrel Plating 


Fluoborate Bath Fluoborate Solutions C) TB-40221 Plating Stereotypes 


{) TC-40221 Plating Upon Aluminum 


COPPER FLUOBORATE LEAD FLUOBORATE Plating with 
i t 
©) TA-36431 Copper Plating from the © TA-38351 Lead Plating from the 0 RB 40221 High Speed Nickel 
Fluoborate Bath Fluoborate Bath Plating of Guved Stereotypes 
0 TB-36431 High Speed Forming of © TB-38351* Lead-Tin Alloy CO) RC-40221 Nickel Plating from 
Electrotype Shells Plating from the Fluoborate Bath = Fluoborate Solution 
0 TC-36431 Plating of Baby Shoes 0 TC-38351* Lead-Tin Alloy Plating 
0 TD-36431 Plating of Plastics in Electrotyping and Other . 
0 TE-36431 Plating of Rotogravure RA-38351* Metal Coatings Improve 
Cylinders Solder Flow on Steel and Brass ©) TA-43441 Tin Plating from the 
0 TF-36431 Manufacture of Sound Records © RB-38351° Solderability of Fluoborate Bath 
0) TG-36431 Plating of Printed Circuits Lead-Tin Alloy Plating C TB-45441 Plating of Electrotype Shells 
Oo RA-36431 Copper Plating from [) TC-43441 Electrotinning of Copper Wire 
Fluoborate Solutions *Iezad-Tin Alloy listed under Lead Flucborate 
C1) RB-36431 Copper Fluoborate Plating 
Experiences BAKER & ADAMSON Fine Chemicals 
GENERAL CHEMICAL DIVISION, ALLIED CHEMICAL & DYE CORPORATION , 7 
FERROUS FLUOBORATE 40 Rector Street, New York 6, MN. ¥. heS 
C1) TA-37641 Iron Plating of Stereotypes Please send items checked v] 


0) RA-37641 Iron Plating Curved 


Stereotypes from # Fluoborate Bath Name_ 


— 


FLUOBORIC ACID 


0 TA-30691 Applications in 
Metal Finishing 


Company Address 


City Zone State 
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Everything you need 

in one convenient 

package — ready to 
plug in and use. 


A COMPLETE, ECONOMICAL PACKAGE 
for immersed non-destructive testing 


Now Curtiss-Wright offers all the benefits of immersion ultrasonic testing 
of metal without the expense of purchasing an assembly of several costly 
separate units, This new low cost “package” combines in a self-contained 
single unit the Immerscope — the heart of the system — a four-foot tank, 
search tube and rack, precision manual manipulator, longitudinal and 
transverse manual scanning mechanism and a complement of crystals. 
Here is a complete immersion testing, quality control installation ready 
to operate, whether in laboratory or light production — a system that can 
be readily expanded, with only minor investment, for more demanding 
production applications. 

The technique is simple. Metal parts are immersed in water in the tank. 
Ultrasound is applied to penetrate the metal. Defects present will reflect 
the sound. Those echoes are presented as pips on the cathode ray tube 
of the Immerscope. Flaw detection is precise and positive. 


PLATE STOCK 


EXTRUSIONS 


This Ultrasonic Test Unit Model PT 1001 lowers inspection costs, | SANDWICHED MATERIALS 
stabilizes high standards in quality control, and permits analysis of 
fabrication techniques. Complete information on request. Our local rep- : 


resentative is available to discuss your problem. 
TUBING 


INDUSTRIAL AND SCIENTIFIC PRODUCTS DIVISION 2 


CORPORATION + CALDWELL, NJ 
FORGINGS 


CURTISS-WRIGHT OF CANADA, MONTREAL © CURTISS-WRIGHT EUROPA, AMSTERDAM 
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another example 


of exciting work at los alamos... 


PAPERS ACCEPTED BY THE... 


INTERNATIONAL CONFERENCE 


iY ON THE PEACEFUL USES 
OF ATOMIC ENERGY 


“The Intermetallic Compounds of Plutonium,” 
Coffinberry, A. S. and Ellinger, F. H. 
“Time-of-Flight Techniques Applied to 
Fast Neutron Measurements,” 
Cranberg, L. 
“Gamma Rays from Neutron Inelastic Scattering,” 
Day, R. B. 
“Some Techniques for Measurement of 
Fast Neutron Flux,” 
Diven, B. C. 
“Los Alamos Power Reactor Experiments,” 
Froman, D. K., Hammond, R. P. and King, L. D. P. 
“The Preparation of Kilocurie La 140 Sources,” 
Hammond, R. P. and Schulte, J. W. 
“Chemical Processing in Intense Radiation Fields,” 
Hammond, R. P. 
“The Role of Liquid Scintillators in 
Nuclear Medicine,” 
Hayes, F. N., Anderson, E. C. and Langham, W. H. 
“Delayed Neutrons,” 
Keepin, Jr.,G. R. and Wimett, T. F. 


Los Alamos Scientific Lab- 
oratory is a non-civil 
service operation of the 
University of California for 
the U. S. Atomic Energy 
Commission. 


los 


“Liquid Scintillation Counting of 
Natural Radiocarbon,” 
Hayes, F. N., Anderson, E. C. and Arnold, J. R. 


“Design and Description of Water 
Boiler Reactors,” 
King, L. D. P. 


“Determination of Fission Quantities of 
Importance to Reactors,” 
Leachman, R. B 


“A Review of Americium and Curium Chemistry,” 
Penneman, R. A. and Asprey, L. B 


“Techniques for Measurement of Neutron Cross 
Sections and Energy Spectra for Sources Which 
are Continuous in Energy and Time,” 

Rosen, L. 


“Techniques for Measuring Elastic, Non-Elastic 
and Transport Neutron Cross Sections,” 
Taschek, R. F. 
“Angular Distributions and Non-Elastic 
Neutron Scattering,” 
Walt, M. 


The diversification of the Los Alamos papers 
accepted at the Geneva Conference dramatically 
illustrates a few of the challenging research prob- 
lems being explored at the Laboratory, which 
welcomes applications for employment from qual- 
ified scientists and engineers. 


For more information, write: 
Director of Scientific Person 
Division 1517 


alamos 


scientific laboratory 


OF THE UNIVERSITY OF CALIFORNIA 


DECEMBER 1956 


LOS ALAMOS, NEW MEXICO 
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SODIUM 


metallic 


talk about 
reducing! 


—and you'll talk about Ethyl’s high purity sodium. 
Ethyl Corporation, working closely with organizations 
in the chemical and metallurgical fields, offers metallic 
sodium ideally suited in form and purity to the needs 
of those interested in reducing metal salts or in other 
reactions with organic and inorganic compounds. 
Available in tank cars, and cast solid in drums, 
Ethyl can furnish sodium specially filtered and handled 


under argon, out of contact with nitrogen or oxygen. 


100 PARK AVENUE, NEW YORK 17, WN. Y. 


Top physical properties of the refractory metals 
demand the finest sodium. Numerous chemical reac- 
tions may benefit greatly from the use of this high 
purity sodium. 

The Ethyl Research Laboratories have developed 
improved techniques for the analysis of sodium for 
oxides and other impurities. We would be happy to 
supply high purity sodium for your work and to give 


technical service on sodium analysis where desired. 


Gor industry 


ATLANTA, BATON ROUGE, CHICAGO, DALLAS, DAYTON, DENVER, DETROIT, HOUSTON, 
KANSAS CITY, LOS ANGELES, NEW ORLEANS, PHILADELPHIA, PITTSBURGH, SALT LAKE CITY, 


SAN FRANCISCO, SEATTLE, TULSA, MEXICO CITY & (ETHYL CORP. OF CANADA LTD.), TORONTO 
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come is often seen in the aluminum extru- 
sions being made by Revere for the country's 
manufacturing leaders. These are the com- 
panies that know how great a difference may 


exist between the design of a new shape on 


paper and the delivery of a fine extrusion in 
aluminum, They come to Revere for the 
experience and service needed to bridge this 
gap. Ic will pay you, likewise, to gear the 
progress of your business to the most de- 
pendable sources of supply 

Revere Aluminum Mill Products include 
extruded shapes, tube, rod and bar; coiled 
and flat sheet, embossed sheet, circles and 
blanks; seamless drawn and welded tube; 
rolled shapes , electrical conductors, forgings; 
and foil, Call the nearest Revere Sales Office 
now. In all principal cities. Revere Copper 
and Brass Incorporated. Founded by Paul! 
Revere in 1801. Executive Offices: 240 Park 
Avenue, New York 17, N. Y. 
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for the special 
requirements of 
your industry 


METALS PROCESSING DIVISION FOUNDRY 
handles wide range of sizes, 
closely controls dimensions 


Curtiss-Wright’s Metals Process- 
ing Division today offers your in- 
dustry precision castings of criti- 
cal parts in a wide variety of sizes, 
and with closely controlled dimen- 
sions. For example, in the large 
casting shown, tolerance is + .030 
over 36” diameter. From its mod- 
ern, completely equipped foundry 
in Buffalo, the Division supplies 
heat, corrosion and abrasion re- 
sistant castings from a full range 
of special-property alloys, includ- 
ing ductile iron... by sand, centrif- 


ugal, ceramic or shell processes. 

Precision alloying techniques, 
modern melting controls with 
spectrometer testing, X-ray con- 
trol by experienced radiographers 
— all add up to castings with su- 
perior physical and mechanical 
properties . . . mean better and 
more dependable products for the 
critical needs of industry. Quali- 
fied design engineering assistance 
is a part of the comprehensive 
Metals Processing Division serv 
ice. Write for details. 


Precision testing methods 
provide close control of 
casting quality 


78 Grider Street 


METALS PROCESSING DIVISION 


CURTISS-WRIGHT « 


CORPORATION + BUFFALO, Y 
Metals Processing Division Branch Offices: New York * Houston * Los Angeles 
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for every need there's a 


VANCORAM CHROMIUM PRODUCT 
to serve you... better! 


Whether you're a primary steel producer .. . a steel 


or iron foundry operator... or a manufacturer of 
nonferrous high temperature alloys, there are Van- 
coram chromium products available for every job. 
That’s why hundreds of manufacturers rely on Vana- 
dium Corporation for all of their chromium alloy 
requirements. 

Long experience has proved they can always count 
on Vancoram quality, too. There’s a reason. Inte- 
grated production control, from mine to finished 
product, means VCA stringently checks quality each 
step of the way. 

Check the list for the products which best fit your 
needs — or better still — call your nearest Vanadium 
Corporation Office. Our Engineering Sales and Tech- 
nical Representatives will be glad to help with your 
application problems, 


Vancoram Chromium Products 


For Iron 
Ferrochromium Briquettes 
High Carbon Ferrochromium 
Iron Foundry Ferrochromium 
Ferrochromium “63” 

Low Carbon Ferrochromium 
Medium Carbon Ferrochrome-silicon 
V-5 Foundry Alloy 
For Steel 
High Carbon Ferrochromium 
Ferrochromium “63” 
EXLO® Ferrochromium 
low Carbon Ferrochromium 
Exothermic Ferrochromium 
Low Carbon Ferrochrome-silicon 


Medium Carbon Ferrochrome-silicon 


(“2 VANADIUM CORPORATION OF AMERICA 


420 Lexington Avenue, New York 17,N.Y. Pittsburgh Chicago Detroit Cleveland 


Producers of alloys, metals, and chemicals 
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iy Presses... it’s FIRTH STERLING 
Hot Die STEEL 


2500 Ib. die blanks and a finished extrusion die of Firth Sterling HWD Hot Work Die Steel. 


At Kaiser Aluminum & Chemical Corporation's 
Halethorpe Extrusion Works, operated under a 
U. S. Air Force lease, are two 8,000 ton capacity 
extrusion presses—the largest operating units 
designed and built in the United States. Presently 
extruding large, complex aluminum shapes— 
wing spars, wing panel sections, and missile 
hull sections, for the aircraft industry, the two 
giant presses, named Rex and Regina, utilize dies 
made from Firth Sterling Hot Work Die Steel. 

Yes, Firth Sterling HWD is a monarch in its 
own right, with properties capable of withstand- 
ing the tremendous pressures of this king and 
queen of extrusion presses. This intricate process 


requires materials that can Operate 
in volume production without replaceméat. These 
giant presses each weigh 1500 tons and are 
capable of extruding aluminum shapes more than 
85 feet long and over 1200’ pounds each in 
weight. The use of FirthSterliagHWD is tangible 
evidence of the-high Opinion modern die makers 
have of the quality of the material. 

HWD Steel is just one Of the Firth Sterling line 
of more than 50 Tool and Die Steels. Ask for a 
Firth Sterling engineer to cooperate in your next 


die making problem to assure the correct grade 
and analysis. 


Sterling 


—INC— 
GENERAL OFFICES: 3113 FORBES ST., PITTSBURGH 30, PA. 


MILLS McKEESPORT, TRAFFORD, DETROIT, HOUSTON, HARTFORD 
OFFICES AND WAREHOUSES*. BIRMINGHAM CHICAGO* CLEVELAND* DAYTON DETROIT* HARTFORD* 
HOUSTON*® LOS ANGELES* PITTSBURGH WESTFIELD, 
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| ee lor the King and Queen of Extrusion 
We 
Giant press extruding an aluminum spar section. 
| 
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Trademark for DRYers for instrument air, 
materiais being processed and in storage 


OU SEE dehumidifiers bearing this familiar 
te thousands of 
plants all over the world, in almost every industry. 
Ever since 1932, they have been helping to speed 
output and maintain high product quality by 
removing unwanted moisture to uniformly low 
dewpoints. 

LECTRODRYER is the name of a large family 
of DRYing machines. They DRY air, gases and 
organic liquids. They range in size from the tiny 
Laboratory model, capable of handling a few cubic 
feet per hour, to giant wind tunnel installations 
DRY ing tons of air per minute. They work from 


s DRY 


ER 
ECTRODRY 
UMINAS 


with ACTIVATED AL 


1956 


atmospheric pressure to as high as 6,000 psi. 

Twenty-three years of DRYing experience is 
yours, when you consult with Lectrodryer engi- 
neers. Recommendations on plant layout, controls 
and other auxiliary equipment are all co-ordinated 
with the type and size of Lectrodryer prescribed 
for the job. You save time and money, and are 
assured of most efficient operation. 

Remember the word LECTRODRYER when 
you need DRYing help. For a free copy of the 
book, Because Moisture Isn't Pink, write Pittsburgh 
Lectrodryer Company, 317 32nd Street, Pittsburgh 
30, Pa. (a McGraw Electric Company Division), 


in England: Birlec, Limited, Tyburn Road, Erdington, Birmingham 
in France: Stein et Roubaix, 24 Rue Erlanger, Paris XVI 


in Belgium: S.A. Beige Stein et Roubaix, 320 Rue du Moulin, Bressoun Liege 


LECTRODRYER 


REGISTERED TRADEMARK U PAT OFF 
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PLATES ~ Available in 9 analyses including plates 
to Atomic Energy Commission requirements and to less plates up to 12° « 25° cut absolutely square on 
ASTM specifications for code work. Also extra low abrasive disc machine. Length and width tolerance 
carbon types for trouble-free welding. 


AIRCRAFT STAINLESS — shoo, sip, 


plate and bars to Government and Aeronautical 
Specs. Write for Ryerson Aircraft Steels booklet. 


Here's a quick guide to the nation’s largest stocks of stainless 
steel 2,351 sizes, shapes, types and finishes of Allegheny stain- 
less in stock at Ryerson. 

This wide selection assures you of getting the best stainless for 
every application. Extra care in storage, handling and shipping 
—such as padded shear clamps to protect finish and flatness of 
sheets— guards the high quality of Ryerson siainless stocks. And 
in addition, the help of full-time stainless specialists is yours 
when you call Ryerson. 


See your Ryerson catalog for a complete listing of stocks and 


call your nearby Ryerson plant for quick shipment of Allegheny 
stainless —one piece or a truckload. 


TRUE-SQUARE DISC CUTTING ;,..... 


plus or minus 1/32”. 


BARS AND ANGLES savor, CIRCLES, RINGS, SPECIAL SHAPES 


flats, hex's and angles in 8 types including free — Practically any shape, no matier how intricate, can 
machining bars with both analysis and mechanical be accurately flame cut from stainless steel plate by 
properties controlled for best performance. skilled Ryerson operators. 


PHILADELPHIA - 


CLEVELAND - 


CHICAGO + MILWAUKEE + ST.LOUIS - 


BUYERS GUIDE TO STAINLESS 


A Directory of Ryerson Stainless Steels and Services 


CHARLOTTE CINCINNATI - 


LOS ANGELES - 


SHEETS; analyses of Allegheny stainless 


sheets in stock including nickel and straight chrome 
types. Also extra wide sheets to reduce welding costs. 


A NEW STEEL Type 202 Allegheny Stainless 


is available in | 4 to 26 gauge sheets. Type 202 com- 
pores favorably with 302 in corrosion resistance; 
costs per ib. less. 


and extra heavy pipe, ornamental and regular stain 
less tubing. Also flanged, screwed, welding and 
Quikuple fittings and Cooper stainless valves. 


RYERSON STEEL 


JOSEPH T. RYERSON & SON, INC. PLANTS: NEW YORK - BOSTON - WALLINGFORD. CONN 


DETROIT 


+ PITTSBURGH BUFFALO 


SAN FRANCISCO - SPOKANE + SEATTLE 
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Carbons, Carbides 
and Hard Metals 


1, IS REALLY quite in order that National 
Carbon Co, should build a fine, large research 


laboratory yet find it somewhat cramped even 
before it was occupied. This is in line with the 
long history of that company, for it was founded 
in 1886 by Charles F. Brush, the Cleveland in- 
ventor of the are light, primarily to study carbon 
products and especially arc-light carbons. Soon 
it entered manufacture, and years later was one 
of the constituent companies of Union Carbide 
and Carbon Corp., when it was organized in 
1917. Furthermore, practically all of the present 
output of this large industrial corporation, rang 
ing from graphite electrodes to petro chemicals, 
calcium carbide to oxygen, and ferro-alloys to 
synthetics, is the product of research. None of 
them were even in existence 70 years ago when 
National Carbon Co A third of 


them, undiscovered 15 years ago, now produce 


was formed. 


almost half the corporation's net income! 
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With Union Carbide and Carbon Corp., re- 
search is not a refinement, it is nourishment. 
National Carbon Co.'s new laboratory is only one 
of seven undergoing a $20,000,000 expansion, 

The laboratory itself at Parma, an industrial 
suburb of Cleveland, is a handsome building of 
modern designed by Skidmore, 
Owings and Merrill (the architects for the new 
headquarters building of the American Society 
for Metals, by the way ) 


appearance 


The working quarters 
are arranged on the module system, where the 
walls are movable metal partitions placed at 
definite intervals on the building plan. Some 158 
of these units in several wings are arranged in 
back-to-back separated by a 6-ft 
alley whic h contains all the piping and conduits 


long rows 


for the various services, each line with outlets or 
valves at regular intervals, so any or all of them 
can be installed along the walls of any laboratory 
at will. (This plan was first observed by the 
Editor in the Bell Telephone Laboratories, when 
it was newly erected at Murray Hill, N. J., away 
back in 1941.) The building is fully air con- 
ditioned; the incoming air is electrostatically 


cleaned and circulated only once. Woods and 
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suction nozzles are especially numerous and large 


mn capacity to prevent any carbon dust from 
dirtying up the premises. 

Carbon is a nonmetallic element, yet is useful 
to metallurgists not only as a furnace material 
of unusual stability and as a heat producer, but 
also as a reducing element and an alloying 
element. It is interesting to physicists because 


ordinarily it does not melt — it sublimes or passes 
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Service Alley Between Laboratory Banks 


directly to gas except when heated to 7000° F, at 
pressures above 3500 atmospheres, conditions 
not to be expected in ordinary industrial oper- 
ations. It has three forms — diamond, graphite, 
and just carbon (amorphous soot ). 

Carbon can be crystallized into graphite fairly 
readily by heat, but the manufacture of tiny 
diamonds is exceedingly difficult. 


The next 
hardest substance is far below 


the diamond — 
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boron carbide. It, together with certain other 


borides, silicides, carbides and nitrides, offers 
our best chance to make materials sometimes 
called “hard metals”, not only of excessive hard- 
ness but also of strength and heat resistance 
superior to any of our 64 metals or their infinity 
ot alloys. 

As pointed out by R. G. Breckenridge, director 
of the Parma laboratory, the above characteristics 
of carbon indicate why “solid-state physics” has 
a major share of the research program at the new 
laboratory. In fact, much fundamental work 
in this branch of science is being done on 
such noncarbonaceous things as single metallic 
crystals, rectifiers, photo-electric cells, and solid 
electrolytes (dry batteries). It also warranted 
a conference during the dedication ceremonies 
on another main objective, wherein three savants 
laid down the principles whereby experimenta- 
tion might be planned so as to have the best 
chance of success in finding stronger and more 
heat resistant solids. 

“For best oxidation resistance, a silicide should 
produce a volatile metallic oxide and an adherent 
silica glass”, is a simplified statement of the 
thesis held by Prof. Alan Searcy of the University 
He also 


thermodynamic 


of California, who led this discussion, 


noted it should have high 


stability. 


rately known for very few of the interesting com- 


While the heat of formation is accu- 


pounds it may be predicted fairly closely by 


theoretical methods \ third requirement is a 
metallic binder of high melting point which 
“wets” the refractory compound and reacts with 
it but slowly 

Applying these criteria, Professor Searcy limits 
hope for an oxidation resistant silicide cermet to 
combinations of molybdenum disilicide, silicon 
carbide or silicon nitride for the hard constituent 
but acknowledges that there are few metallic 
binders which fulfill the requirements — the rare 
metals of the platinum group and the even rarer 
these, combinations 


rhenium. Of involving 


silicon carbide appear most promising. The 
alternative roads to success, in his opinion, are 
to learn how to decrease diffusion rates of the 
constituents through the protective silicate glass 
coatings, or to devise formulations which build 
thicker silicate coatings that will not flake off 
or crack when te mperatures fluctuate 

The second talk on this program considered 
the strength of metals and the hard metallic com 
affected by 


vacancies, grain boundaries and the like. Prof 
R. Smoluchowski of Carnegie Institute of Tech- 


pounds as electronic 


binding 
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nology showed how the recent theories of the 
solid state led to conclusions which were in 
observed facts —such as the 


harmony with 


circumstance that the strength of a material at 
high temperature varies directly with its grain 
size and is closely related to rates of diffusion 
\ systematic study of atomic diameters and 
crystalline architecture also indicated that com 
pounds of the transition metals (scandium and 
lanthanum to nickel and platinum) with carbon 
silicon, boron, nitrogen and oxygen would limit 
the profitable area of study. He also suggested 
that resistance to thermal shock is a prime re 
quirement of working parts made of cermets 
and while this requires low thermal expansion 
and high tensile strength, the most important 
requirement is high thermal conductivity. Pro 
fessor Smoluchowski's talk left this reporter with 
the feeling that a tremendous amount of precise 
work at the atomic level would have to be done 
before valid predictions about cermets could be 
based on solid-state physics, even granting that 
science has set up many useful guideposts for 
future programs of study 

Something of this state of mind seemed to be 
expressed by the final speaker Prof. Pol Duwez 
who cle 
He also noted 


hard ¢ ompounds 


of California Institute of Technology 
scribed himself as a metallurgist 
that most of the refractory 
which have received attention consist of large 
metallic atoms and small nonmetallic atoms, and 
the phy sical metallurgists or solid-state phy sicists 
cannot agree upon the type of electronic bonding 
between such diverse atoms Furthermore 
since these hard crystalline compounds often do 
not hold to the stoichiometric ratios but exist 
over a range of compositions, the lattices must 
be full of vacancies or contain many inteystitial 
atoms. Added to this, some macro porosity is a 
characteristic of powder metal products and this 
in itself will make it very hard to predict the 
complex mixtures of hard 
ductile metal 


Finally, their success or failure in high 


properties of these 


crystals bound together with 
cement 
temperature service will depend upon the rate 
of diffusion of one component into the other 
and of atoms in or out through any protective 
surface. While the theoreticians can plot som 
veneral directions in threading this maze. Pro 
fessor Duwez hopes the physicists will religiously 
measure the phy sical prope rties of single crystals 
of the likeliest constituents over the widest pos 
sible range of te mperatures, and the metallurgist 
will go ahead in their studies in a more-or-less 
Each will he Ip the other 


empirical way 
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Low-Temperature Brittleness 


By CHARLES S. BARRETT* 


Scientific investigations of metallurgical behavior 


at low temperature have shown the interrelation between 


brittle fracture of ship plate and many 


of the physical properties which are determined 


D. ninc Wortpo Wan u our great lack of 
understanding of metallurgical problems at low 
temperatures became painfully obvious when 
there was a spectacular outbreak of failures of 
welded merchant ships and tankers. Hundreds 
of rapidly running brittle cracks appeared in the 
welded steel ships, sometimes with disastrous 
results. Some plates of steel which met all ordi- 
nary standards were nevertheless brittle when 
built into structures that were designed to operate 
at reasonable design-stress levels. It is now 
known that many structures, both riveted and 
welded, that had been built prior to this had suf- 
fered similar brittle failure, but it was the impor- 
tance of the problem to the war effort that 
stimulated an intense study of it. Many impor- 
tant engineering and scientific studies were begun 


* Professor, Institute for the Study of Metals, Uni 
versity of Chicago, This article is based on excerpts 
from the 1956 Edward De Mille Campbell Memorial 
Lecture presented before the annual meeting of the 
American Society for Metals held in Cleveland on 
Oct. 10, 1956. 
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by crystalline perfection. (Q 26, P general) 


under a Board of Investigation appointed by the 
Secretary of the Navy in 1943. Research has con 
tinued under the auspices of the Ship Structure 
Committee, the Ship Steel Committee and other 
organizations more or less continuously since that 
date. 


As a result of the combined and coordi- 
nated effort of a great variety of research pro- 
grams, more is now known about this type of 
failure than about any other that involves large 
structures. 

The problem involved toughness of steel in the 
presence of stress raisers such as notches. In the 
early designs of the all-welded ships there were 
plenty of such stress raisers. By improvement of 
design in places where operating stresses were 
particularly intensified, there was a very marked 
reduction in the tendency to crack. Another 
design change that was effective was the breaking 
of the continuity of the all-welded hulls of the 
ships by riveting certain rows of plates to serve as 
crack arresters. By making these changes and by 
improving the quality of the welds which had 


contributed to the failures by providing many 
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built-in notches, the number of cracks 10 ft. long 
or longer that developed was reduced from 200 to 
> per 1000 ship-vears of service in the Liberty 


ships. The Victory ships, which were a later de- 


sign with improved details and improved fabrica- 


tion practices, rea hed a casualty rate even lower 

namely 7 per 1000 ship-vears of service 

Even with pertect welds and good design there 
can still be notches that act as stress concentrators 
onaship. They may result from handling during 
construction, from tack welds, trom repair opera 
tions and from minor dents and impacts in service. 
These must be expected as a normal hazard 
Since notches cannot be avoided throughout the 
life of the ship it seems obvious that it is neces- 
sary to build the ship of material that is tough 
even in the presem e of not hes under conditions 
of service, 

Tests have shown that a crack will not propa 
gate in a brittle manner across a plate if the stress 
Is it then feasible for 


merchant ships to be designed to a stress level so 


level is sufficiently low 


low that there is no danger of brittle fracture? 
If vou will take the word of a man who has never 
designed a ship the answer is no! 

Consider, for example the results of some tests 
by the Standard Oil Development Co, shown in 
Fig. | 


uniform tension is cooled to a uniform low tem- 


In this test, a large plate specimen under 


perature and then confronted with a running 
crack that has been started by a local Impact. 
\t any temperature below the transition from 
ductile to brittle behavior, about 10° F 
cracks propagated across the mild steel plates 
used in this test at stresses of 12,000 to 13,000 psi. 
far below the yield strength of 40.200 psi. In 
other low-carbon steels, cracks propagated at 
stresses as low as S000 to 11,000 psi 


in Fig. ] 


It is uneco 
to design large structures to such low 
and unwise to take the risk of accidental 


overload in service: a better solution to the prob- 


stresses 


lem is to lower the transition temperature so the 
steel will be notch-tough at service temperatures 

The transition from ductile to brittle behavior 
can be measured by many different tests. The 
temperature of this transition varies in the dif 
ferent tests and frequently differs from the tem- 
perature of the transition in large structures, but 
tests have nevertheless been of tremendous value 
in developing our understanding of the problem 
and its possible remedies. The transition in mild 
steel as measured by the V-notch Charpy test is 
shown in Fig. 2; the upper curve indicates how 
absorbed in breaking 


the energy a specimen 
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x 1000 


Stress, Psi 


50 25 0 +25 


Temperature, 


Fig. 1 — Stress Required for Crack 
Propagation in Mild Steel Plate 


drops as temperature is lowered, and the lowe 
curve indicates how the appearance of the frac 
tured surface changes from the ductile fibrous 
fracture at high temperatures to increasing areas 
of transcrystalline cleavage-type fracture at lower 
temperatures, 

An energy value is arbitrarily chosen to define 
the “transition temperature”, for example, 15 ft Ib 


in Fig or a point on the fracture appearance 


curve may be chosen to define a “fracture 

appearance transition temperature”, The latter 
could be at the first appearance of brittle cleay 

age, or when 50% of the surface is the cleavage 
type rather than the shear type of fracture, Let 
us consider the 15-ft-lb. V-notch Charpy transi 
tion temperatures that were determined at the 
Bureau of Standards for steel plates from World 
War II ships that failed 


established between this transition temperature 


A correlation has been 


and behavior in service. 

All plates which contained the source of a frac 
ture had a transition temperature of 60° F. or 
higher. In every instance in which the plate at 
the source of the fracture and the plate at 
the end of the fracture for a single long crack 
were available, the source plate had the higher 
transition temperature. Because of these findings 
and others, it has become fairly universally ac- 
cepted that improved performance results when 
transition temperatures are lowered 

Because of uncertainties in the relative worth 
of different tests, much study has been given to 
intercomparisons of tests and correlations of tests 
with service failures. The time is about here for 
agreement — preferably international agreement 
on one or two tests to be used for most work in 
Otherwise, unnecessary effort will be 
expended that could better be directed to im- 


provement of product and to research on basic 


the future. 


principles, It seems to some of us that there 
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Fig. 2—Transition From Ductile to Brittle 
Fracture May Be Measured by Either Impact 
Energy or Appearance of Fracture in Charpy Test 


should be steady progress toward quality control 
and specifications based in some way on notch-, 
toughness tests. This program will be hastened 
if world-wide service experience is made avail- 
able to all and is reduced to a common standard 
of measure by the use of standardized test pro- 
cedures, 

Recently, a statistical analysis of transition tem- 
peratures in World War Il ship plates and post- 
war plates was made with the object of determin- 
ing how much lower the transition temperature 
should be to substantially eliminate ship failures. 
In Fig. 3, the distribution of transition tempera- 
tures is plotted for samples of ship plates in which 
the source of fractures occurred, for average 
plates in World War II ships and for the postwar 
ship steel of improved notch toughness (Ameri- 
can Bureau of Shipping Class B, semi-killed, % in. 
thick), Only the tail of the latter curve overlaps 
the source-plate curve. From this overlap and 
other data, statistical analysis indicates that had 
this A. B. S. Class B steel been used in the World 
War II ships, the failure rate would have been 
only 5% of that of the World War II steel, an even 
greater improvement than was obtained by im- 
provement in design during the war. Further 
statistical analysis indicates that service failure 
should be virtually eliminated by the use of steel 
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with a mean V-notch Charpy 15-ft-lb. transition 
temperature of 10° F. or lower. 

Several comprehensive studies of the relation- 
ship of metallurgical variables to the transition 
temperature of ship steels have indicated the 
methods by which suitably low transition tem- 
peratures can be provided. We mention these 
only briefly; most of them are not applicable for 
economic reasons or would not be available in 
time of high output during an emergency. 

1. Killed steel of suitable composition has very 
good notch toughness, but for this reason is in 
demand for other critical uses such as aircraft 
ordnance and ship armor. The capacity for pro- 
ducing it is strictly limited, amounting to only 
about 15 million tons per year. Semikilled steel 
would probably have to be used in an emergency. 

2. Normalizing improves notch toughness of 
ship plate to some extent, chiefly in the killed 
grades, but the normalizing capacity of this coun- 
try would be completely absorbed by ordnance 
and other applications in an emergency. 

3. Control of finishing temperature may provide 
substantial lowering of the transition temperature. 
This is a solution that is neither easy nor inexpen- 
sive but is worthy of study. 

4, Adjustment and control of composition and 
ferrite grain size can make important changes in 
transition temperature. A suitable way to im- 
prove notch toughness in a given class of steel is 
to increase the manganese content and decrease 
the carbon content. By changing both carbon 
and manganese, the yield strength and tensile 
strength can be maintained. In fact, the specifi- 
cations for semikilled steel have been changed 
this year from a carbon maximum of 0.237% down 
to 0.21% and the manganese range has been in- 
creased from 0.60 to 0.90% up to 0.80 to 1.10% 
which should give a transition temperature near 
5° F. and virtually eliminate failures 

These investigations have indicated that in 
large structures such as ships it is important to 
use plates with a transition temperature low 
enough to prov ide notch-ductilitv. The crack 
stopping quality of plates can be controlled ap- 
preciably by composition and by production 
methods. Correlations of test results with service 
failure have established the value of tests and 
have indicated the compositions and steelmaking 
practices that can provide satisfactory perform 
ance in the various thickness ranges. 

If these brief statements on ship steel tough- 
ness have conveved the idea that the problems 


of toughness are all solved, they are misleading 
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Fig. 3 — Transition Tem 
peratures of World War 
Il and Postwar Ship 
Plates. The blocks in- 
dicate the transition tem- 
perature distribution of 
ship plates in which 
brittle fracture started 


Relative Number of Ship Plates 
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Ship Plates, Post-War Class B 
(Read Left) 


World War Il Ship Plates 
(Read Left 


Sourde Plates 
(Read Right) 


Relative Number of Source Plates 


Charpy 15 Ft-Lb. Transition Temperature, fF 


Many problems remain that have to do with 
testing, sampling, statistics of tests and variability 
of properties over a plate. Additional research 
in the laboratory and in the mill is desirable on 
relationships that can lead to optimum perform- 
ance at low temperatures, particularly relation- 
ships among alloy content, cooling rate, austeni- 
tizing practice, deoxidation practice, and micro- 
structure. More should be known about factors 
governing the ductility of other metals that are 
deficient in ductility at low temperatures, such 


as tungsten, molybdenum, chromium, magne- 


sium, some titanium alloys, zinc and tin. Many 


applications involving new uses of metals in 
arctic regions have increased the importance of 
knowing about the nature and control of the low- 
temperature properties of these metals. 

On the fundamental side, the number of ques- 
tions needing further research is very large. Only 
with continued progress in research, discussion 
and education on matters of fundamental science 
can the practical problems be fully understood 
and optimum results obtained. 

The scientist interested in metals always hopes 
that the complexities of metal behavior will be 
less at low temperatures so that experiments can 
reveal the fundamental laws more clearly. The 
temperature range involved is one in which long- 
distance diffusion does not occur; atoms change 
position by making very few jumps. Imperfec 
tions in the crystalline structure have even a 
greater influence on properties than they do at 
room temperature. The effects due to specific 
impurities have become much better understood 
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in recent years — in fact, in recent months. 

In practice, of course, it may turn out that 
when we dig beneath the complexities of the 
high-temperature range by going to dry-ice, 
liquid-air, liquid-hydrogen or liquid-helium tem 
peratures, we often uncover not simplic ity but 
new complexities. Nevertheless, whether simple 
or complex, the principles established through 
low-temperature research are basic ones on which 
the whole structure of understanding of metals 
must rest if it is to be a sound structure, 

Research on solids at low temperatures has 
been tremendously stimulated in recent years by 
the increased availability of liquefied gases in 
most laboratories, Liquid nitrogen and liquid 
oxygen can be purchased by the truckload, and 
in large quantities, they are about as cheap as 


milk; liquid helium is available “by the barrel” 


in many laboratories and circulating cooled 


helium gas is used in some, Liquid hydrogen is 
used freely in the larger laboratories by those 
who understand the associated dangers and 

Metal stor- 


cryostats 


more briefly —by some who don't 


age containers, transfer equipment 
production machinery and techniques of all kinds 
are now well developed and available in many 
laboratories. If one is fortunate, as | have been 
one even finds a cooperative group of scientists 
in charge of the equipment who take pleasure 
in helping the ignorant newcomer to the field 

Some may feel that the chief characteristic of 
the field is uncertainty, unlimited speculation and 
confusion. with a 


rapidly developing complex area of research 


This is normal, of course 
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and results in discussion and critical experiments 
that differentiate true from false experimental 
conclusions and theories, But closer acquaint- 
ance in recent months with the field and with the 
more active investigators in it has convinced me 
that there is already more certainty and agree- 
ment on basic principles and interpretations than 
is generally realized,* 

The mechanical and physical properties of 
metals and alloys in this temperature range can 
only be understood through a knowledge of 
crystal imperfections. The equilibrium concen- 
tration of point defects is negligible at these 
temperatures, but defects can be introduced 
various ways: by cold work, by martensitic trans- 
formations, by bombardment with high-energy 
particles, or by quenching-in the defects that are 
in thermal equilibrium at high temperatures. 

The following types of defects serve to in- 
terpret property changes in the low-temperature 
field: point defects, which are vacancies and 
interstitials; line defects, which are dislocations 
with or without anchoring atmospheres; surface 
defects, including arrays of dislocations acting in 
unison, and thin microcracks; and volume de- 
fects, in which class we might put displacement 
spikes and rounded cavities. 

From a great number of studies, investigators 
have related specific defects to certain properties 
of metals with at least moderate confidence. 
The point defects, when present in excess num 
bers in metals and alloys, increase the electrical 
resistance, specific volume, rate of local diffusion, 
rate of local ordering and rate of precipitation. 
The point defects interacting with dislocations 
produce increased elastic constants, decreased 
internal friction, yield points (in body-centered 
cubic alloys ), delayed yielding and under certain 
conditions, a large temperature dependence of 
yield stress. Dislocation arrays at martensite 
interfaces produce martensitic phase changes 
when they move, and this movement may be 
impeded by the presence of other defects (cold 
work stabilization). Displacement. spikes in- 
fluence the density, elastic constants, and perhaps 
also the yield and flow stress and their tempera 
ture depe ndency, 


*Eprron’s Nore: The complete Campbell Lee- 
ture, to be published in full in Vol. 49 of the @ 
Transactions, includes several sections reviewing 
recent low-temperature researches dealing with the 
fields of mechanical metallurgy, transformations 
phase diagrams at low temperatures, and changes 
in properties induced in metals by bombardment 
with high-energy particles. The role of crystal im 
pertections in each field is pointed out 
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Fig. 4— A Low-Angle Boundary in 3% Sili- 


con-lron Containing Screw Dislocations 


No one set of defects is responsible for low 
temperature brittleness of metals, for this is 
related to the presence of anchoring atmospheres 
to dislocation arrays that produce stress concen 
trations and possibly, in some instances, to micro 
cracks — all are factors that raise local stresses 
on cleavage planes. The interrelation between 
brittleness and virtually all other physical prop 
erties of metals which are being studied at 
extremely low temperatures has contributed 
much to our understanding of solid-state physics 
but much more research is necessary. A good 
example is the rapidly developing and, at the 
same time, the most puzzling subject in low- 
temperature metallurgy —the effects of high 
energy radiation on metals. lrradiation by neu 
trons, electrons or other nuclear particles causes 
atoms to be knocked out of their lattice positions 
and creates various lattice defects. Practical 
metals engineers prefer to leave the study of such 
defects to the research scientist because they are 
considered of only theoretical importance. Un- 
fortunately, irradiation of a pressure-vessel steel 
with 2.5 neutrons per sq.cm. raises its 
transition temperature from 22 to 122°F 
While there are very few parts of a nuclear power 
plant that are hit by anywhere near this amount 
of radiation, it is obvious that any steel and othe 
materials used near the core of a reactor must be 
chosen with this radiation-embrittlement danger 


kept closely in mind. So 
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Some Effects of Lubricants 


m 


Cold Rolling Thin Strip 


By J.C. WHETZEL, Jr. and CHARLES WYLE* 


The maximum reduction of thin strip can be increased from 
approximately 12 to 62% at the same rolling speed 


4 COLD ROLLING sTRIP, particularly at high 
speeds, the exterior surface of the rolls and the 


stock is flooded with a cooling or lubricating 


medium. It is necessary on some special jobs to 
cold roll without lubrication but the amount of 
heat liberated by the deformation of the metal 
makes it difficult to maintain accurate gage with- 
out adequate cooling. 

Rolling mill operators recognize the need for 
cooling but frequently ignore some of the other 
advantages which may be realized with special 
kinds of lubricants. These include: 
1. Greater reduction per pass. 
2. Lower power requirements for a given 
reduction. 

3. Thinner strip obtainable with a specific roll 
diameter. 

4. Better control of dimensions and surface 
finish. 

5. Less waste heat generated. 

6. Elimination of the necessity for regreasing 
prior to annealing. 

Some of these lubricant properties are more 
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‘by changing the lubricant. (F 1, CN) 


important than others for any spec ific applic ation. 
Careful choice of the proper rolling lubricant can 
improve most rolling operations, particularly 
those on thin strip. 

The external friction generated between the 
stock and the rolls makes it possible to deform 
the metal. 


amount of deformation possible 


This same friction also limits the 

Because the 
strip is moving faster when leaving the rolls 
than upon entering, there must be slippage 
between the stock and the rolls which is opposed 
by friction. The greater this opposing friction 
the greater the roll-separating force and power 
required to deform the stock. Since the greater 
separating force causes increased roll flatten 
ing, the length of the are of contact becomes 
greater, thus requiring a higher separating force 
and greater power. The roll flattening effect 
while seldom trivial, is particularly important in 


*Mr. Whetzel is with Allegheny Refining Co 
Verona, Pa. and Mr. Wyle is in the engineering 
department of the Fenn Manufacturing Co., New 
ington, Conn, 
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the rolling of thin, hard stock. For example, 
the length of the contact are may increase as 
much as 150% in rolling tin plate. On very thin 
stock, the increased length of contact due to 
roll flattening increases frictional force so sub- 
stantially that the stock is literally locked in the 
rolls and cannot be deformed. The gage at 
which no further reduction can occur is deter- 
mined by the diameter and mechanical proper- 
ties of the rolls, the metal being rolled, strip 
tension and the coefficient of friction. 

The equations and methods used to calculate 
maximum reduction of cold rolled strip are dis- 
cussed in detail in another article to be published 
by the authors. 

While some experimental work has been done 
to evaluate the coefficient of friction at various 
speeds and with a number of lubricants, the data 
available today are still incomplete. It has been 
found to vary inversely with rolling speed in 
large five-stand tin-plate mills. In current tin- 


Friction Develops in Rolling Because of 
Slippage Resulting From Difference in 
Entry and Exit Speeds of the Strip 


plate rolling practice, operators compensate for 
its higher value and the resultant greater stock 
thickness at lower rolling speeds by increasing 
the strip tension between stands, thereby per- 
mitting the metal to be reduced to the desired 
thickness. 
Lubricant Test Program 

It should be more economical to control the 
coefficient of friction by proper selection of lubri- 
cant and rolling speeds than to compensate for 
it. Fenn Manufacturing Co, and Allegheny Re- 
fining Co., as producers of rolling equipment and 
lubricants, respectively, are cooperating in a 
joint effort to determine how to control friction 
in rolling. The specific goal is to learn how to 
adjust rolling speed and lubricant composition 
to obtain the maximum reduction of thin strip 
with a specific mill. 


74 


The mill used is a Fenn heavy-duty precision 
rolling mill. The rolls are 7% in. in diameter by 
8 in. The speed of the 25-hp. drive motor can 
be accurately controlled over the range from 0 
to 1000 ft. per min. The strip is coiled on a low- 
inertia, adjustable-tension, adjustable-speed take- 
up reel with speed correction for coil build-up. 
This mill had been modified as follows: 

1. Compression springs, for the purpose of 
maintaining approximately constant roll-separ- 
ating force for small variations in strip thickness 
with no further mill adjustment, were placed be- 
tween the mill adjusting screws and upper bear- 
ing boxes. 

2. A strip oiler had been provided which was 
simply a modification of the rolling mill entry 
guides. 

3. A small stream of lubricant from a reservoir 
was forced by compressed air into the entry 
guides to form a puddle through which the strip 
passed. 

4. Metal “squeegees” were placed at the exit 
of the guides, just ahead of the rolls, to permit 
only the proper amount of lubricant to be carried 
to the rolls. 

The strip was marked as it left the mill to 
record the rolling speed of the particular section. 
The simple marking device consisted of a silver 
alloy wire actuated by a solenoid, a capacitor and 
a rectifier. The wire tapped the strip 200 times 
a minute which caused a small are to leave a 
silver “dot” on the strip at each tap The rolling 
speed, in feet per minute, was determined by 
multiplying the distance between any two con- 
secutive dots by 200. 

The material studied was cold rolled S.A.E. 
1010 slit strip, 0.0063 + 0.251 in. and 0.0063 
1.001 in., with a tensile strength of 91,000 psi. 
and elongation of 0.5%. In addition, some tests 
were run with fully annealed Type 302 stainless 
steel, 0.0055 * 0.250 in., with 93,000 psi. tensile 
strength and 40.0% elongation. It is evident that 
the thickness of this material is very near the 
lower limit of gage ordinarily obtainable with 
a . At this ratio of strip thick- 
ness to roll diameter, almost no reduction will 
occur with dry rolls regardless of pressure, and 
small changes in lubricant efficiency will pro 


s-in. diameter rolls 


duce large changes in reduction 

A separate length of strip, approximately 125 ft. 
long, was used for each test run. The stock was 
threaded through the mill entry guides and oile1 
passed between the rolls past the speed marking 
device and attached to the take-up reel. With 
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the lubricant lowing into the oiler-guides and the 
marker in operation, the mill was started and 
the rolling speed increased uniformly to 1000 
ft. per min, within a 10-sec. period, Upon com- 
pletion of the test run, the strip on the take-up 
drum was uncoiled and examined along its en- 
tire length for thickness variation, width vari- 
ation, spacing of the silver “dots” and surface 
finish. All equipment was cleaned thoroughly 
between runs to eliminate all traces of the pre- 
It should be noted that the 
mill adjusting screws were left at one setting 


vious test lubricant. 


throughout a series of runs in which the same 
strip was used with different lubricants. 


Test Results 


The strip thickness varies in almost direct pro- 
portion to the coefficient of friction, the figure 
that expresses the performance of the lubricant. 
The comparative values obtained could have been 
replaced by actual values of coefficients of fric- 
tion if the roll-separating force had been known. 
However, no suitable means of measurement was 
available at the time of the runs. 

With a conventional “soluble oil” lubricant, 
simply an emulsion of oil in water, the amount 
of reduction of the 1010 strip increased with 
rolling speed to about 13% at 150 ft. per min. and 
then remained constant with increase in rolling 
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Fenn No. 081 Two-High Strip Mill 
Used for Evaluation of Lubricants 


speed to 1000 ft. per min. The surface was flat 
and shiny and the lateral spread of the 0.251-in 
width was 0.012 in. 

A number of different mineral oils were tested 
and with most of these, the strip failed as rolling 
speed was increased, One uncompounded min 
eral oil with Saybolt universal viscosity of 300 
sec. at 100° F. could be used over the entire range 
studied. The amount of reduction was about 


constant at 15% for speeds up to 350 ft. per min 


and then increased with increase of rolling speed 
to about 28% at 650 ft. per min 
duction was constant from 650 to 1000 ft per 
min. The surface of the strip was flat and dull 
at low speeds and warped at high speeds, The 
lateral spread was 0.018 in 


The pere ent re 


The lubricant usually used on high speed cold 
mills producing tin plate is a liquid fat which 
permits reductions that vary inversely with speed 
The reduction ranged from about 12% at 100 ft 
per min. to 50% at 1000 ft. per min, 
lubricant was used in 


The same 
a special run without 
springs in the mill and reduction again increased 
with speed up to about 250 ft. per min. and then 
remained constant at 16% Apparently as the 
reduction increased the roll separating force de 


creased and prevented further deformation. The 
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surface produced with the liquid fat was flat and 
fairly shiny and the lateral spread was 0.013 in. 

An experimental water-soluble lubricant was 
developed which would burn off with no residue 
in an annealing furnace and which could be 
A flat 


and very shiny surface was produced but the 


rinsed off completely with cold water. 


maximum reduction was not as great as with the 
liquid fat. At 1000 ft. per min. the reduction was 
about 38%, 

\ modification of this water-soluble lubricant 
was tried and the amount of reduction increased 
to over 70% at speeds under 200 ft. per min. Un- 
fortunately, the strip broke at about 220 ft. per 
min. The rolling load was reduced for another 
run with this lubricant and again the reduction 
increased rapidly to about 62% at 350 ft. per min. 
and remained constant at speeds up to about 550 
ft. per min. The lateral spread was only 0.007 in. 
at low speed and 0.004 in, at high speed. The 
surface was flat with a soft matte finish and the 
lubricant could be rinsed off completely with 
water. 

Additional runs were made using the wider 
strip, 0.0063 « 1.001 in., slit from the same coil, 
and the results appeared to be essentially the 
same, Lateral spread was in the range of 0.007 
to 0.004 in., identical to the run on narrow strip. 
Evidently, spread is not a function of width. 
Finally, all springs were removed from the mill 
The 


mill was tightened to give maximum reduction 


so that maximum force could be applied. 


and rolling was continued with the same wide 
strip and lubricant. Maximum reduction was 
not readily reproducible, but was approximately 
70%. Additional tightening of the mill had no 
apparent effect on minimum thickness. The 
calculated value of coefficient of friction was 0.04. 


76 


The stainless steel strip behaved like the carbon 
steel although the maximum reduction was not 
With the modified water-soluble lubri- 
cant, the reduction increased to about 58% at 


as great. 


250 ft. per min. and then remained constant at 
higher rolling speeds. .A greater load and stiffer 
springs were required for the stainless. The sur- 
The lateral 
spread was 0.009 to 0.011 in. at low speeds and 


0.008 in. at the high speeds. 


face was flat with a soft matte finish. 


Discussion and Summary 


It is obvious that lubrication of the stock affects 
the amount of reduction obtained at any given 
rolling pressure. In this instance, where the 
ratio of strip thickness to roll diameter was 
(0.00084, the effect of improved lubricants was 
very pronounced with reductions ranging from 
a low of 12.7% to a high of 62% at 600 ft. per min. 
The authors expect this difference to be much 
less pronounced in a less difficult case of rolling 

that is, where the ratio of strip thickness to 
roll diameter is greater. Nevertheless, a consid- 
erable amount of rolling is done in difficult ranges 
and the trend to thinner strip is becoming more 
evident. Therefore, it is of great practical and 
economic value to develop lubricants that will 
permit rolling to very thin gages. 

It was expected that gage would decrease as 
speed of rolling increased since this phenom- 
enon has been recorded often in both literature 
and practice. The variation in the behavior with 
changes in the type of lubricant was unexpected 
and is of much interest. It appears that it may 
be possible to develop rolling lubricants that 
would minimize speed effects and reduce the 
operating problems associated with the acceler- 
ations and decelerations of mills. i) 
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European Report on American Die-Casting Practice 
By DONALD L. COLWELL* 


Zinc AND Licur Die Eu- 
ropean Productivity 
zation tor 
tion, Paris, 


Agency of the Organi- 


European Economic Coopera 


France, 1955, 149 p., $2. 


This report is an excellent review of American 
practice in die casting prepared by Tecaid 
Mission No. 155 which visited the United States 
in 1954 under the auspices of the Organization 
for European Economic Cooperation and the 
American Administration. 
The Tecaid team was divided into four sections 


Foreign Operations 


which toured the northeastern area of the country 
but did not necessarily visit the same plants. 
The plants studied included producers of die 
castings, die builders, machine builders, alloy 
producers, testing laboratories and plating plants. 

The team members were fully aware that this 
very efficient method of mass production was 
particularly adapted to American industry where 
quantities of products using die castings are 
normally many times the production of the cor- 
responding items in Europe. No mention was 
made, however, of the fact that the opportunity 
exists for equivalent volume of such products 
in Europe if the political questions of different 
currencies, export control and customs barriers 
could be eliminated. 

With the large variation in American die-cast- 
ing machines, it is not surprising that the section 
devoted to their description is not complete 
The discussion of dies is valuable and well-done 
with excellent information concerning die ma- 
The comment 
that American practice lays more emphasis on 
metal savers and thin walls is a corollary to the 
larger production quantities where greater die 
expense is less important. The statement that 
dies are generously proportioned, however, is 


terials and hardening practices. 


DECEMBER 1956 


unfortunately not always true, as all connected 
with the industry have seen examples of dies 
which were made too light to withstand the 
service of the casting machine. 

The section on metallurgy is up-to-date and 
accurate, even though the observations were 
made two years ago. For example, the evalua 
tion of Zamak 3 being much more widely used 
than Zamak 5 is accurate, as well as is mention 
of the trend toward the higher zine content 
allowable in the aluminum-base alloys. Although 
No. 384 is listed, it is not mentioned as an alter 
nate for No, 13 whereas it often is preferable to 
No. 360. The comment that an alloy used several 
times was better for die casting than a virgin 
alloy is also worthy of note, 


The chapter on foundry practice was certainly 


representative of our better die-casting practice 


While the mission observed only hot metal being 


‘charged to the holding pots of cold-chamber 


machines, the charging of ingot and scrap into 
these holding pots is all too prevalent. The dis 
cussion of the various die lubricants used indi 
cated emphasis on the art rather than the science 
although it concludes with the same remark 
that in producing hardware-finish zine die cast 
ings, little or no lubricant is advisable. 

The chapter on finishing is a description of 
practice in finishing automotive hardware, and 
as such, represents the highest quality require- 
ment and the largest volume of production. 
The production and finishing of die castings for 
automobiles is an excellent example of the auto 
mation possible with volume production 

The section on management and labor is 
particularly interesting since it brings out a 
fundamental difference between labor-manage 


*Director of Laboratories, Apex Smelting Co 
Cleveland. 
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ment relations as practiced here and abroad. 
The mission seemed particularly interested in the 
fact that production problems are often solved 
by labor and management working together 
harmoniously, 

There are 4% pages of recommendations made 
to industry as a result of the tour, and many of 
these seem too elementary to an American die 
caster, For example, “An adequate number of 
ejector pins should be provided” seems almost as 
elementary as to say that a die should be built. 
On the other hand, many of these recommenda- 
tions, such as that on keeping the use of lubri- 


cants to a minimum, the feeding of holding pots 
with molten metal rather than ingot and the 
wholehearted endorsement of the zinc die-casting 
certification plan, could well be taken to heart 
by American industry. 

In closing, it should be remarked that the 
criticisms mentioned above are very minor com- 
pared to the excellent discussion of the over-all 
die-casting industry given in the report. The 
writer has taken part in a number of similar 
exchanges of information and this is one of the 
best that has been published. It is recommended 
even to those currently “skilled in the art”. @ 
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The Safe Operation 


Atmosphere Furnaces 


By J. HUEBLER* 


Mas of the controlled atmospheres used 
in industrial furnaces are combustible and under 
special conditions may explode or detonate. Such 
explosions may damage equipment and present 
a threat to the safety of operating personnel. 
Because accidents have been relatively rare, in- 
sufficient attention is paid in the literature to the 
latent danger inherent in the operation of atmos- 
phere furnaces. Accidents have occurred just 
often enough to emphasize that operations must 


*Surface Combustion Corp., ‘Toledo, Ohio. Paper 
for A.S.M.-Industrial Heating Equipment Association 
Meeting at National Metal Congress, Cleveland, Oct. 
9, 1956, Read by Norman Davies, chairman of the 
L.H.E.A. Safety Committee. Assistance and contri- 
butions by other members of the Industrial Heating 
Equipment Association are gratefully acknowledged. 


78 


Some atmospheres used in industrial furnaces can explode if carelessly managed. 
The best preventive is adequate training of operating personnel. (J 2, A 7) 


be conducted with a pious regard to safety pro- 
cedures, and such procedures must be carefully 


analyzed in advance to care for all exigencies 
which may come up in emergencies. 

Few installations can ever be planned which 
are totally and completely safe under all con- 
ditions of emergency. Even if they were, cost- 
conscious operators would not always allow a 
safety system to go through a complete cycle 
if it cut into the production rate. 

There must of necessity be a difference of 
interest between the manufacturer of furnace 
equipment and the operator. The furnace manu- 
facturer must sell furnaces in competition and 
therefore cannot be expected to include every 
conceivable piece of safety equipment calculated 
to meet any emergency. The operating company 
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requires a certain level of production from the 
furnace. If for the sake of enhancing his produc- 
tion, the operator sometimes ¢ loses an eye during 
an operation which has certain dangers, he justi- 
fies it on the basis that it works. Only in the event 
that there is an “accident” does he carefully 
appraise all of the procedures; then it is too late. 

Certainly there can never be a complete sub- 
stitute for properly instructed operating per- 
sonnel whose reactions to emergency situations 
have been carefully planned and_ practiced. 
Safety equipment has its great value in alerting 
the operators and giving them the necessary time 
to secure the equipment manually in a specific 
emergency Consequently the combination of 
alert operating personnel and a certain minimum 
of safety gear is the best and most commonly 
employed means of assuring safe and trouble 
free furnace operation 

In the final analysis, the best possible safety 
aid is the good operator — and there is no sub- 
stitute for him 

Although most of this discussion is concerned 
with methods of avoiding explosions, a few words 
should be added here about the possibilities of 
carbon monoxide poisoning. Most of the atmos- 
phere gases contain lethal percentages of carbon 
monoxide. Proper attention must be given to 
adequate ventilation and to combusting the at- 
mosphere gas as it escapes from the furnace on 
generator vent. In addition, all personnel work- 
ing in the furnace area should be thoroughly 
alerted to the danger of breathing unburned 
atmosphere gas 

Throughout this paper the word “furnace” 
refers both to the heated and unheated zones, 
as well as vestibules 


The Basic Explosion Problem 
| 


The training of a furnace operator must in- 
clude an understanding of the conditions under 
which an explosion can occur 

It is well known that certain mixtures of com- 
bustible gas and air will burn when ignited 
When such a mixture is ignited in a confined 
space, it will burn rapidly enough to create a 
large change in temperature in a short time. 
The pressure in the confined space will rise very 
rapidly. This rapid rise in pressure may cause 
almost instantaneous rupture of the container 
confining the original mixture. If there are open- 
ings in the container, high-velocity streams of 
intensely hot gases may be projected out of the 
container even if it is strong enough to resist 
rupture. Without going into any great technical 
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detail, the events described above 


generally 
characterize an explosion. 

In order for an explosion to occur, there must 
be a mixture of combustible gas and air capable 
of burning rapidly, the mixture must be present 
in a confined space and finally, it must be ignited 

A knowledge of the limits of mixtures which 
are capable of combustion and the limits of 
ignition temperature Is therefore basic to 
understanding the conditions which are poten- 
tially dangerous in operation of prepared atmos- 
Although might be a 
controversy about the exact limits of ignition 
temperature, and “cold” spark is 


capable of igniting a variety of cold mixtures 


phere furnaces. there 


clearly a 


the limits given below are generally accepted 
for the purpose of safety discussion procedures 

Explosive mixture limits are usually defined 
on the basis of mixtures which are capable of 
propagating flame throughout the system from 
a single point of ignition. If the mixture is de- 
ficient in limit) or so 
limit) that it 
a flame through the confined static 


flammable vas (lowe 


deficient in air cannot 


(upper 
propagate 
mixture, the mixture is said to be nonexplosive 
It should be appreciated that a mixture too rich 
to be explosive (beyond the upper limit) if 
allowed to admix with more air will become an 
explosive mixture before it passes to the lower 
limit of explosion 

Some furnace atmospheres contain so small 
a percentage of combustible gas that they are 
nonexplosive and remain nonexplosive when air 
is added in any amount, Atmospheres of this 
type are called inert atmospheres 

In prepared atmospheres for industrial fur 
naces, the inert or safe atmosphere gas has been 
variously defined as a gas containing less than 
§.8%', or 4% total combustibles. In such 
atmospheres, the combustibles consist of approxi 
mately equal parts of hydrogen and carbon 
monoxide with little or no methane. The first 
two limits were established by work done by 
the Bureau of Mines*. The highest value con 
siders the mixture to be at room temperature 
the intermediate value takes into account the 
fact that the mixture may be preheated to 900 
to 1000" F. while the lowest 
value is a practical figure which credits the 
elevated temperature of the mixture and pro 


before ignition 


vides for some margin of error in operation, For 
safety purposes the lower values are preferred 

While the ignition temperatures of these gases 
are listed® as low as 1000° F 
1200° F 


and as high as 


ignition at these temperatures may be 
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delayed. When positive ignition is desired, the 
minimum temperature that is considered safe 
is 1400° 

In addition to the danger of fire, burns and 
secondary effect of fragments, the result of an 
explosion can be destruction of the equipment 
due to the pressure generated by the explosion 
within the furnace. For example, a_ perfect 
mixture of endothermic gas used for carburizing 
will attain a temperature of about 3100° F. when 
burned. This will theoretically raise the pressure 
within the furnace, if not relieved, to over 80 psi. 
gage. Most furnaces are not built te withstand 
such pressure and would be blown apart. Even 
a 10% combustible gas perfectly admixed with 
air can produce a pressure of 25 psi. gage. 

To sum up the foregoing, whenever an atmos- 
phere gas contains more than about 4% com- 
bustibles, great care must be taken in its use to 
avoid the possibility of forming an explosive 
mixture of the atmosphere gas and air within a 
furnace. 


Purging 


In the following text, repeated reference is 
made to the operation of purging in connection 
with the safe handling of furnaces below 1400° F. 
Although this process is generally well under- 
stood, a few words on it may be helpful. 

The purging process may be illustrated by 
following the important occurrences during the 
purging of the air from a cold furnace zone with 
an inert atmosphere gas prior to the introduction 
of a flammable atmosphere. As the inert atmos- 
phere enters the furnace, it mixes with the air 
in the furnace and this mixture issues from the 
furnace effluents. As the addition of inert gas 
continues, the mixture within the furnace con- 
tains a smaller and smaller fraction of air. In 
most circumstances, it is found that when the 
volume of inert purge gas used is equal to five 
times the total furnace volume, analysis of the 
gas in the furnace will show no residual oxygen 
and purging is considered complete. It is im- 
portant to distinguish between purging by con- 
tinuous admixture and purging by displacement 
which would only require one furnace volume 
replacement with purge gas. The latter method 
is not used very often for industrial furnaces. 

Although the above statement that five volume 
changes will complete a purge is generally true, 
the operator should not rely on this but should 
always analyze the mixture within the furnace 
to prove that the purge is complete. 
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Types of Operation and Safety Implications 


Most furnaces may be divided into: 

1. Those in which the entire furnace is above 
1400° F. 

2. Those in which part of the furnace is above 
1400° F. but any cooler zones are short and not 
divided from the hot zone by doors. 

3. Those in which part of the furnace is above 
1400° F. but with a long or separated cold zone. 

4. Those in which furnaces are entirely be- 
low 1400° F. 

Furnaces which are entirely above 1400° F. 
are relatively safe. When the flammable atmos- 
phere is put in, the gas ignites immediately and 
positively, burning with the air in the furnace. 
Thus it is not possible to form a combustible 
mixture which can explode. To remove the 
atmosphere, air is allowed to enter and burn 
with the flammable atmosphere. 

Furnaces which are partly above 1400° F. 
and which have short cold zones not divided 
from the hot zones by walls or doors normally 
will not be able to accumulate explosive mix- 
tures. In this type of furnace, the atmosphere 
must be added only in the hot zone where 
ignition is positive. The flue gases formed by the 
burning atmosphere must sweep out and purge 
the cold zones. It is essential in this instance 
that the hot zone be large enough in relation 
to the cold zone to provide sufficient flue gas to 
purge the cold zone. To remove the atmosphere, 
air must be added to the hot zone and the flue 
gases so formed must be caused to purge the 
cold zone or zones. 

Furnaces in which part of the furnace is above 
1400° F. but with long or separated cold zones 
can be very hazardous since it is easy to build 
up an explosive mixture within the furnace. A 
special example of this type of furnace is one 
in which all parts are above 1400° F. except for 
vestibules at the charge and discharge ends. 
In normal circumstances, these furnaces can be 
started up and shut down with relative ease be- 
cause the outer vestibule doors can be opened 
and the normal small volume burned out even 
though the vestibules are cold. 

Furnaces with long cooling zones present a 
special problem. In such installations, the hot 
zone is not of sufficient size to provide enough 
flue gas to purge the cold zone adequately. Many 
equipment manufacturers recommend an aux- 
iliary source of inert purge gas for this applica- 
tion, although very expert and careful operators 
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can introduce the atmosphere by burning in and 
remove the atmosphere by burning out if very 
special procedures are adhered to. A schematic 
representation of an inert gas production and 
storage system which can be operated auto- 
matically or manually is shown in Fig. 1. 

1400° F. 
present a problem similar to those with long 


Furnaces which are entirely below 


cooling zones and therefore the same general 
rules apply. 

The batch-type furnace which must be placed 
under atmosphere or degassed while cold is a 
special problem of wide interest. The most 
common practice with such equipment is to 
purge with the flammable gas when starting 
cold and with air at the end of the cooling cycle 
with the provision that no ignition source can 
be purposely or accidentally applied during 
the purge period. 


Emergency Precautions 


The preceding discussion has assumed normal 
operating conditions. However important the 
precautions during normal operating conditions 
are, the emergency conditions caused by the 


failure of power, fuel, air and sometimes water, 
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Pressure Reducing Regulators 


Supply Lines 


or the failure or malfunction of the atmosphere 


Fig. 1 — Inert Gas Purging System 
for Automatic or Manual Operation 
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—- Atmosphere Supply 


generator itself are usually of even more concern, 

When such failures occur, they call for quick 
and expert action by competent furnace oper- 
ators as well as proper functioning of reliable 
safety aids which have been placed on the equip 
ment with careful forethought 

When the power, fuel or air fails, the atmos- 
phere gas supply and the furnace heat supply 
will both be lost. Cooling begins immediately, 
causing a contraction of the gas volume within 
the furnace. This contraction causes air to be 
drawn into the furnace which may quickly con- 
vert the atmosphere within the furnace into an 
explosive mixture, Consequently, a very danger- 
ous situation may develop within a very short 
time. If the furnace is open-ended, air begins to 
diffuse into the furnace as soon as the atmos- 
phere supply stops, even if the temperature re 
mains constant. The process may be extremely 
rapid, Because these events occur rapidly, it is 
essential that the operators be well schooled 
in their reactions to emergencies 

If a failure of a utility 
user is normally advised to burn out the flam- 


occurs, the furnace 


mable atmosphere immediately, if the burn-out 


| 
| 
| Valve 
| 
| 
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procedure is safe for that furnace. With furnaces 
operating below 1400° F. or with extensive cool- 
ing zones the hazards of burning out are so great 
that standby storage of inert purge gas is usually 
recommended, 

In carburizing and similar applications where 
the furnaces carry very valuable work loads, it 
is common to find the furnace user supplying 
natural gas to the furnace as a substitute atmos- 
phere. Then if failure of the atmosphere gas 
occurs, the natural gas is manually turned into 
the furnace as a substitute atmosphere. In an 
emergency, an operator can turn the natural gas 
into a furnace very quickly. The procedure, 
therefore, not only can save the work load in 
the event of shutdowns of short duration, but 
also has the advantage of permitting an operator 
sufficient time to introduce natural gas to a 
number of furnaces and subsequently secure 
them in an orderly manner. The above procedure 
is not dangerous providing that the furnace has 
not cooled below 1400° F. However, if the 
operator waits for resumption of the failed utility 
before burning out the furnace and thereby 
allows the furnace to cool below 1400° F. before 
burning out, the situation is seriously out of hand 
and very dangerous, 

Some of the more common protective systems 
and preventive methods are listed in Table 1°, 
and the types of emergencies for which the 
systems and methods have been designed. 

It is possible for atmosphere generators to 
malfunction under very special circumstances. 
When they do, they may deliver air, gas, premix 
or other off-analysis atmospheres. This possi- 
bility can be prevented only by frequent careful 
maintenance and by hourly or continuous 


Table I — Prevention of Explosions of Furnace 
Atmospheres During Emergencies 


EMERGENCY INTERRUPTION 
| | AtTMos- 
PoWwErR 
PHERE 
Protective systems 
Inert was Storage X X 
Bottled inert gas X 
Steam purging system Xx Xx Xx 
Preventive methods 
Motor generator 
Manifolded generator 4 
Natural gas* xX 
Bottled LP fuel gas X 


*Natural gas may be used only when the temper- 


ature of the furnace is above 1400° F., but in electri 


furnaces it may damage the heating elements 


$2 


analysis of the atmosphere gas. In view of the 
serious | onsequences of suc h an atmosphere 
generator malfunction, there is no substitute for 
proper attention. 


Safety Aids 


Generally speaking, many of the common 
safety aids are mechanical devices which provide 
a time interval for the operator to take the proper 
steps in an emergency. Aids of this type are: 

1. Switches which are responsive to pressure 
failure of air, fuel gas, atmosphere gas and water. 

2. Flame protection devices. 

3. High and low-temperature limit contacts 

These devices generally cause automatic 
valves to close. Electric power failure will cause 
the same thing. Usually, it is recommended that 
after the automatic valves close, the operator 
immediately close all manual valves associated 
with them. This is particularly necessary on the 
fuel gas supply valve. There have been many 
instances where such automatic valves have been 
found to leak slowly so that perhaps minutes 
or even hours after an emergency shutdown an 
explosion resulted because of such leakage. 

The following is a list of safety aids which are 
in common use on atmosphere generators, and 
their normal functions: 

1. Fuel gas pressure switch. Closes fuel gas 
valve and stops air blower, gas booster or mixing 
pump. 

2. Air pressure switch. Closes fuel gas valve 
and stops air blower, gas booster or mixing pump 

3. Water pressure switch. Closes fuel gas 
valve and stops air blower, gas booster or mixing 
pump. 

4. Normally closed safety valves. Closes fuel 
gas valve on power failure. 

5. Flame supervising devices on exothermic 
generators. Closes fuel gas valve and stops air 
blower, gas booster or mixing pump if burner is 
extinguished, 

6. High-temperature limit on endothermic 
generators. Closes fuel gas valve and stops air 
blower in event generator becomes overheated so 
as to prevent damage to generator. 

7. Low-temperature limit on endothermic 
generators, Closes fuel gas valve and stops air 
blower, gas booster or mixing pump if generator 
becomes too cold in order to prevent the delivery 
of off-analysis gas. 

8. Flowmeter gages on air and fuel gas to 
generator. Allows a trained operator to estimate 
at a glance if generator is operating normally. 


9. Fire check in premix line to generator. 
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Prevents damaging backfire to mixing pumps or 
remote mixing station. 

The following is a list of safety aids which 
are in common use on atmosphere furnaces, and 
their functions: 

1. Atmosphere pressure or flow switch. Shuts 
off atmosphere valve if atmosphere supply fails. 

2. Manual reset valve. Shuts off atmesphere to 
furnace if atmosphere pressure or power valve 
fails. Requires manual reopening by operator on 
resumption of service 

3. Automatic closing and reopening valve. 
Same as manual reset valve except that it 
automatically reopens on resumption of utility. 

4. 1400° F. 


instrument 


contact on furnace temperature 
Does not allow automatic valves on 
atmosphere supply to be opened until furnace is 
1400° F, 
drops below 1400° F 


heated above Closes valves if furnace 
{ See discussion below } 

5. Flowmeter gages on atmosphere supply to 
furnace. Allows trained operator to estimate if 
atmosphere flow to furnace is normal 

All of the above devices are usually con- 
nected to visible and audible alarm devices to 
alert the operator to the fact that there is an 
emergency. 

In connection with the use of items in the 
above list, there are some areas of disagree- 
ment. One disagreement involves the use of 
automatic reopening and manual reset valves, 
From one standpoint, the automatic reopening 
valve is preferred in the event of momentary 
power losses. This is by far the most common 
emergency condition and if the atmosphere 
supply is not lost, the reopening valves allow the 
operation to continue without loss of production 
or sacrifice of safety. On the other hand, in the 
event of longer delays, the operator may forget 
to close the manual valves and a dangerous con- 
dition will result when the valve automatically 
reopens. Which of the above is the better pro- 
cedure depends upon the reliability, training and 
competence of the furnace operators 

A second area of disagreement concerns the 
use of the 1400° F 


considerable objection to the use of this contact 


contacts. There has been 


for closing off the atmosphere supply. The con- 
tention is that the interests of safety are better 
served if the atmosphere is allowed to continue 
to flow and maintain furnace pressure. In such 
instances the switch merely sounds an alarm to 
alert the operator and he can correct the situa- 
tion in an orderly and safe manner. 

There may be other devices which can be used 


as safety aids. For example, continuous gas an- 
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alyzing devices are getting some recognition 
Such instruments can be used with automatic 
shutoff valves and alarms and give a continuous 
record of the atmosphere suitability. Their draw 


back 


required to insure continuous operation, 


has been the complicated maintenance 


Safety Responsibility 


The final responsibility for the safe operation 
of atmosphere furnaces and generators rests with 
the equipment His ISHOTIS, however, 
should be guided by his insurance underwriter 
and his equipment supplier 

The equipment manufacturer must be familiar 
with the safety requirements of insurance under 
writers so that his design will conform as far as 
possible The equipment manufacturer must 
make every effort to point out to the user all po- 
tential operating hazards which might exist or 
develop as well as the possible methods to over- 
come the difficulties. He must impress upon the 
user the need for adequate maintenance and 
competent furnace operators and he should issue 
complete and clear operating instructions for the 
furnace and auxiliary equipment 

The furnace user's major responsibility is to 


insure that the equipment is maintained in per- 


fect working order and to provide completely 


competent well-educated operators Some com 
panies are developing check list methods for both 
maintenance and operation as an aid in this 
direction. The furnace user must also be familiar 
with insurance requirements and be certain that 
all safety equipment desired is provided in the 
proposed furnace as well as comple te ope rating 
instructions. 

Additional information on the subject of the 
safe handling of atmosphere gases is contained 
in “Protective Atmospheres” by A. G. Hotchkiss 
and H. M. Webber, published in 1953 by John 
Wiley & Son rs) 
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Preservation of Stored 
War Materiel 


By J. L. MeCLOUD* 


A recent conference organized by the Navy's CB's shows that the favored 
method of protecting against corrosion is to store under tight cover 

within which is circulated an atmosphere of controlled humidity. 
Vapor-phase inhibitors and contact preservatives are also 

being used to an increasing extent. (R 10) 


4 WILL DOUBTLESS BE news to most readers 
of Metal Progress that the U.S. Department of 
Defense owns as much as 100 billion dollars 
worth of equipment — half of it being in stor 
age — and that this inventory is increasing at the 
rate of 15 billion per year. This includes every- 
thing from ships, vehicles, tanks, artillery, air- 
craft and their repair parts, down to uniforms, 
small arms ammunition, electron tubes and forks. 

Obviously, its preservation against the time 
it will be used is a major problem, worthy of a 
conference recently called by the Naval Con- 
Battalion Center at Port Hueneme, 
Calif. The name Hueneme (pronounced Y-Ne- 


struction 


Me) is of Indian origin and means Resting Place. 
While it was the military problem that sparked 
the meeting, it was also of major interest to 
industry — although industrial storage is seldom 
for the length of time often endured by the 
military, 

Some 200 specialists attended discussions on 
military 


requirements, costs, preservative re- 


search, metal coatings research and controlled 
humidity research. Many speakers pointed up 
the fact that a dishearteningly great amount of 
materiel which left the factories in first-class 
shape was ruined by the time it got to the 
theaters of use; that while all concerned now 


have a far better conception of the ever present 


*Consulting Editor, Metal Progress. 
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damage from tropical climates, there is still 
much to learn about the optimum conditions for 
preservation; that “lead time” in a third World 
War will be practically zero — the war will most 
probably be fought with available weapons 
ammunition and materiel; and that while it's very 
well to have stores, we don't want to find out 
that they are either obsolete or that they have 
deteriorated to uselessness by corrosion, mildew 
or slow chemical change. 

During World War IL the shipments of ma- 
teriel to the various theaters of war clearly and 
sadly showed the need for better methods of 
preparation. At the end of the war and again 
after the Korean action, the need to store all the 
vast Army, Navy, Air Force and Marine items in 


better condition was re-emphasized. With ready- 


time and demand reduced now to hours, new 
solutions must be found for these problems 

The problem is so large it is not surprising 
to find that there is no unanimous view, no agree 
ment on the proper approach. For a simple (?) 
example, take automotive vehicles and earth- 
moving equipment in dead storage. 

The Marine Corps uses one approach to this 
storage and maintenance-for-use problem. Ma- 
rines keep the line ready by exercising the equip- 
ment on a regular periodic schedule and by a 
liberal use of preservative lubricants which are 
left in place. But such periodic exercising isn't 
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acceptable by other branches of the armed 


forces. Some find it too expensive and inefficient. 
The Army, for example, has many specifications 
on docking, storage, and preservatives which 
must be followed by anyone concerned. 

Since corrosion is the most destructive force 
and since corrosion is caused by incompatible 
heat, 


borne acids and salts 


climate sunlight, ozone, air 


moisture, 
the job is to keep the 
wrong elements out of the wrong places. Simply 
said, but not so simply done! Packaging for 
shipment or storage has been improved over the 
years but still has plenty of room for further 
improvement, 
Controlled humidity is considered the most 
even steel-hull 
Stores, 


especially static ones under cover, can have the 


promising solution nowadays 


craft are dynamically dehumidified, 


air circulated over solid beds to remove mois 


ture. (Cyclic inspections may be made and 
Typical of the difficulties 
and shortcomings of storage depots is the limita- 


At Port Hueneme the CB's 


are planning dehumidified warehouses and al 


are also important. ) 
tions of coverings. 


ready have these on test comparing them to un- 
controlled storage in sheds and outdoor locations. 
In the dehumidified warehouse, infiltration cre- 
ates the greatest load on the ventilating machin 
ery. Transmission of moisture through floors and 
walls is quite high. However, in some climates 
ventilation is not only possible but desirable and 
designs must provide for this. 

One novel approach to atmospheres with con 
trolled humidity is to use air-supported hutments 
These are made of polyethelene membrane, 0.004 
in. thick, so light that the pressure only of the 
air from the dehumidifying machines will keep 
them inflated. They can be quickly built and 
provided even with walk-in doors. Being under 
positive pressure, they aren't subjected to air in- 
filtration other than that purposely provided. 
They are being used over stores of materiel and 
even over machines and lines of machines set 
up in shops ready to operate. They have the 
further advantage of low cost 

Another 


practice, is to use natural caves or worked.- 


method, borrowed from European 


out mines for storage places These give very 
good results at low cost, provided ground water 
does not seep into them. They can also be used 
for machine tools or vehicles. On ships the 
hulls themselves, of steel, can be the envelope 
Gun enclosures of steel sheet have been found 
better than the built-up plastic shells 


Earth-moving equipment is quite similar to 
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other automotive vehicles except that perhaps 


more high-allov steel may be used In this con 
nection the advantages of “VPI vapor phrase 
inhibitors) were described; they protect during 
storage, and on reactivation no cleanup is re 


Naval 
Air Stations is highly enthusiastic over the re 


quired for immediate use. One of the 
sults Comparison with contact preservatives 
using sulphonates, acid neutralizing amines plus 
a petroleum wax to give a thixotropic film is 
Volatile 


ation with aerosol dispersants put the corrosion 


favorable intermediates in’ combin 
inhibitors into difficultly accessable places with 
obvious advantage 

In the search for better methods that combine 
both lubrication and protection, the fluorinated 
hydrocarbons such as “Teflon” and “Kel F” may 
provide some answers 

Nor is this a study by the armed forces alone 
Representatives from the steel, chemical and 
rubber industries all told of their work and «ac 
complishments, For example, very thin vinyl 
coatings Cali be used on steel iY fore fabrication 
and the sheet may then be formed and subse 
quently finished with excellent corrosion resist 
ance, These operations naturally must be con 
trolled and monitored, and a method to detect 
corrosive atmosphere with a thin film of iron 
and glass or plastic was described 

Program and Stock 


stores is of value not only to forestall obsolescence 


Training rotation of 
but to detect damage and permit retreatment 
for preservation, To be sure, all these methods 
and devices are not without some objec tions but 
an accounting still leaves the balance in favor of 
careful preparation 

Proper design and provision for these goals 
will not be sufficient. Training is required for 
workers and supervisors alike 

It is evident that the armed forces are hard 
at work perfecting methods and materials for 
protection of equipment im storage and have 


To be 


are doing is a natural ex 


already advanced to a gratifying extent 
sure, much that they 
tension of former operations The materials fos 
protection are those they and industry use regu 
larly. Dehumidified air is a natural develop 
ment of the use of dessicants in pac kaved goods 
Carrying it to a whole area and into caves is a 
natural sequence 

The use of vapor-phase and vapor corrosion 
inhibitors is a continuation of industrial develop 
ments. One comment is that it might be more 
widely used — a matter which will be « mphasized 


in a later article in Metal Progress rs 


— 


Norman Luther Mochel 
Manager of Metallurgical Engineering 

and Consulting Engineer 
Westinghouse Electric Corp. 


Biographical Dicti f 
4 

< 
— 

4 < . 

dea 


Eminent Living Metallurgists 


Lire OF Norman Mochel is probably 
one of the closest approximations to the Horatio 
Alger story to be found in modern times. One 
of a family of six children whose father earned a 
modest living as a decorative plasterer in Pitts- 
burgh, young Norman was offered only one 
opportunity to go to college. Unfortunately this 
involved an obligation to study for the ministry, 
and this boy's interests lay in material things 
the holes in his pants pockets, according to his 
family, resulted from the chunks of scrap metal 
he collected and cherished, as his conte mporaries 
cherished their marbles and tops. 

So in 1912 at the age of 16, Norman went to 
work in the engineering department of — the 
Machine Co. Eventually he 


rounded out his practical education with some 


Westinghouse 


night school courses; he is now a registered pro- 
fessional engineer licensed in Pennsylvania to 
practice metallurgical engineering, and is an 
honorary member of Pi Tau Sigma, national hon- 
orary mechanical engineering fraternity. 

After two months doing clerical work at West- 
inghouse, young Mochel was transferred to the 
inspection department, For the next eight years 
he made the most of his associations with West 
inghouse personnel, which included some of the 
great engineers of the era. His personal con 
tact with George Westinghouse came through 
Mochel’s work on the famed “Neptune geared 
turbine” 

His greatest inspiration however was probably 
J. B. Thomas, chief inspector and a man of re- 
who took a_ kindly 


in this ambitious and promising lad, and taught 


markable abilities interest 


him all he could from his vast knowledge of 
With Albert 


Mochel worked on thrust bearings 


Kingsbury, 
William A. 
Bole, general manager, awakened his interest in 
the heat treatment of steel; others whom Mochel 
remembers with grateful heart for their advice 
S. McClelland super- 
Francis Hodgkinson, chief engineer 


practic al mechanics. 


and encouragement are E 
intendent 
of the machine company and later of the Phila 
delphia Works and IH 7 Herr 

After a year's interruption for military service 


during World War I 


vice-pre sident 


master engineer with duties 
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in road building and maintenance quarries, maps 
Mochel returned to the 
machine works of Westinghouse Electric & Mig 
Co. in East Pittsburgh. This plant was being 
moved to South Philadelphia, and for a year he 


and administration ) 


commuted between the two cities merging the 
practice of the old machine company into the 
spe ifications system of the new parent Company 
In July 1920 he settled permanently in the east 
becoming metallurgical engineer for the South 
Philadelphia Works. The steps in his career are 
marked by subsequent changes in tithe — division 


engineer, metallurgical division; manager of 


metallurgical engineering, steam division; and 
now, since 1944, manager of metallurgical engi 
neering and consulting engineer, 

At Westinghouse Mochel’s metallurgical activi- 
ties and interests have been as broad as the com 


In his 


consulting and trouble-shooting capacity for the 


pany 's list of products is long and varied 


company he has he Iped the transformer division 
in the welding of large shells: the transportation 
and generator division in the manufacture of 
large rotor forgings furnaces proc essing ol sh et 
metal; in the rolling mills, supervising steel manu 
facturing problems, in the X-ray division, the 
industrial applications of X-ray apparatus; at the 
Sunnyvale plant, the manufacture of wind tunnel 
forgings and welding problems; in the aviation 
gas turbine division, as general consultant: in 


the atomic member 


power division, an active 
of the consulting committee 

When Mochel moved east in 1920 it was a 
double the 
former Ruth Bond of Pittsburgh, with him. They 
settled in Ridley Park, Pa., where their home is 
still located 


John and Cordon both envginecring graduate Ss of 


event, for he brought his 


The Mochels have two fine sons 
Swarthmore. Jolin is in the mechanical enginees 
ing ce partment of the Philade Iphia Electric Co 
Gordon is a mechanical engineer with Ingersoll 
Rand Co. at Phillipsburg, N. J., and has com 
pleted the scholastic work toward his Master’: 
degree at the University of Pennsylvania 

With all of his duties at Westinghouse, Mochel 
has managed to participate in an amazing num- 


ber of those activities that 


extracurricular 
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broaden a man’s horizon and enhance his value 
to the profession. 

He joined the American Society for Metals way 
back when it was the Steel Treaters Research 
Society in Detroit (1917) and served as chairman 
of the Philadelphia Chapter in 1932-33. In 1937 
he presented the Sauveur Lecture before the 
Philadelphia Chapter, and is a member of the 
A.S.M. Advisory Committee to the Temple Uni- 
versity Research Institute. In 1948 he was voted 
a distinguished service award on the occasion 
of A.S.M.’s salute to the seventy-fifth anniversary 
of alloy steel, 

In the American Society for Testing Materials, 
however, Norman Mochel has found the greatest 
outlet for his talents. After two terms on the 
board of directors (1935-37 and 1949-52) he was 
elected national vice-president and subsequently 
president in 1954. He currently serves on five 
separate A.S.T.M. committees and was chairman 
of Committee A-1 on Steel for 14 years from 1939 
to 1953. At various times he has served as sec- 
retary of other committees, as chairman of the 
Philadelphia District Council, and chairman of 
the Standing Committee on Standards. 

One of the oldest members of the Joint 
A.S.T.M.-A.S.M.E. Research Committee on Effect 
of Temperature on the Properties of Metals, he 
has put in time and effort as secretary, vice- 
chainman, chairman for five full terms, and chair- 
man of various subcommittees and panels. He 
is now chairman of the Finance Committee. 

Among his many significant honors — the 
A.S.1.M. has awarded him the Charles B, Dudley 
Gold Medal for a paper jointly with P. R. Toolin 
on “The High-Temperature Fatigue Strength of 
Several Gas Turbine Alloys”. He also presented 
the first Hf, W. Gillett Memorial Lecture for the 
A.S.T.M. in 1952. 

\ complete listing of all of his technical society 
and committee activities would make pretty dull 
reading; typical are chairman of a panel on pipe 
standards for high temperatures for the American 
Bureau of Shipping, chairman of a subcommittee 
on high-temperature pipe advisory to the Bureau 
of Ships; consumer member of the Specifications 
Committee of the Steel Founders Society of 
America; member of the Advisory Committee on 
Metallurgy to Drexel Institute of Technology; 
member of the Metallurgical Advisory Commit- 
tee of the Bureau of Standards. 

Honors have been equally widespread, and in 
addition to those already mentioned include the 
Westinghouse Silver-W (a joint award with his 
associates), the Gold Medal of the Institute of 


SS 


Naval Architects, a special Gold Medal of the 
Institute of Marine Engineers, and a Lincoln 
Arc Welding Foundation Certificate of Award. 

Just this year he presented the annual Mehl 
Honor Lecture of the Society for Nondestructive 
Testing on “Standards for Nondestructive Test- 
ing Practice”. 

He is a member of the Committee on Arts and 
Sciences of the Franklin Institute. This im- 
pressive list of activities would be most incom 
plete without some mention of the various ways 
he has served the United States Government 
both in war and in peace. His World War | 
service has already been mentioned; during 
World War IL he served on a project committee 
of the War Metallurgy Committee, and as a 
member of the Five-Man Administrative Com- 
mittee of the National Emergency Steel Speci 
fication Project. For the National Advisory 
Committee for Aeronautics he served on the 
Subcommittee on Heat Resisting Materials from 
1944 to 1950, including a two-year period as 
chairman. For the Office of Naval Research he 
served as a member of the Research Advisory 
Group on Gas Turbine Material Development 
from 1945 to 1948. 

He is currently a member of the A.S.T.M. 
Ordnance Advisory Committee, was metals rep- 
resentative on the Industrial Advisory Committee 
to the Munitions Board, Government Catalog 
Plan; and served on the Panel on Power for 
Propulsion of the Underseas Warfare Committee 
of the National Research Council. 

This seemingly endless list of accomplishments 
could be still further amplified by citing the 
titles of numerous published papers, book con- 
tributions and lectures before technical societies 
and universities, including a wartime stint as 
a welding instructor at Temple University. 

One would think that such a man would have 
little time for any interests beyond those of his 
profession, yet Mochel has managed to pay seri 
ous attention to his civic and community duties 
These include membership on the Ridley Park 
School Board for 7% years, the post of chairman 
of civil defense from 1940 to 1945, and for almost 
20 years general superintendent of his Presby- 
terian Church school. 

Such a career can be nothing but a tribute to 
the American spirit of enterprise and service. 
Such a spirit was innate in the young man who 
had few formal opportunities presented to him 
vet has learned where to find them and how to 
shoulder responsibilities —to the great benefit 
of his profession and his community. i) 
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Conservation 


Nickel 


Electroplating 


By V. L. McENALLY, JR. 
and F. G. BRUNE* 


F., OUTDOOR PROTECTION of decorative 
parts made of low-alloy steel, a minimum thick 
ness of nickel plate of 0.001 to 0.0015 in. is re- 
quired, Because of the poor throwing power of 
nickel plating solutions, the coating produced is 
nonuniformly distributed on production parts 
This means that we use from 1% to 3 Tb. of nickel 
for each pound of nickel that would be required 
About 62 


million pounds of nickel will have been used by 


if we could plate the part uniformly 


electroplaters in 1956 and at least one-third of it 
expended because of poor distribution 

While it is true that the design of many contour 
parts causes most of the variation in the thick- 
ness of nickel plate, the use of designs pleasing 
to the eve is also responsible for the increased 
use of nickel plating. Development of methods 
distribution will also 


that improve improve 


quality; any resultant increase in plating cost 
would undoubtedly be justified by the attendant 


conservation of nickel 


The problem of nonuniform nickel plating has 


been studied by the authors for about 20 years 
cad a number of techniques have been developed 
to conserve nickel. The two most important 
factors found to influence variable plating thick 
ness are current distribution due to the contour 
of the part plated (cathode) and the distance 
between anode and cathode. 

A clear understanding of the effect of cathode 


shape on the distribution of the current is essen 
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At least one third of the nickel used 


in electroplating would be saved if deposits 
of uniform thickness could be obtained. 
Some techniques for improving uniformity 
(L. 17, Ni) 


are described. 


tial, since the amount of nickel plate moa given 
area is a result of the amount of current passing 
through that area. The term “primary current 
distribution” is used to describe the amount of 
current that will flow through the diflerent areas 
of the cathode What actually happens is that 
electric current prefers to flow through a point 
or edge. Theretore, the amount of current flow 
is greatest at parts of greatest curvature. The 
curvature of a sharp point or edge approaches 
infinity so at such areas the rate of current flow 
becomes very great and we call it a high-current 
density area or point. It means that current flow 
from a shape will react similarly to the way 
would distribute on 


electrostatic clectricits 


shapes as shown in Fig. 1. This principle of 
current flow accounts for a number of common 
observations 
1. Thick plating ona pomnt in a recessed area 
2 The 


sharp point or “tree” 


increased rate of growth at a burs 


3 Heavy polish lines and voudges showing up 
worse after plating 
The mse of knife 


tactors 


hangers and con 


The distribution of current flow is not constant 
with the rate of 


The greater the amperage the 


for a oiven shay but varies 


current flowing 


*Mr. McEnally is chief 
Brune assistant chief engineer 


Naval Industrial Reserve 


metallurgist and Mr 
( hrvsler Oper ited 
Aircraft Plant, Detroit 


SY 


Vig. 1 -- Distribution of Electrostatic Charge 
Around Sphere and Egg-Shaped Object Indi 
cates How Shape Affects Elec troplate Thickness 


more the current flows from the high-current- 
density areas and the poorer is the distribution. 
Theoretically, the ratio of current between the 
high- and low-density area is a constant but in 
practice a change of ratio occurs due to polariza- 
tion and other effects, so we call it “secondary 
current distribution”. 

A practical measurement of current distribu- 
tion can be made by checking the significant 
areas of a part. The ratio of maximum to mini- 
mum thickness is in direct proportion to that of 
the current distribution. For well-designed 
parts, this ratio should be four or less. The 
plating thickness is fairly uniform on circular 
or spherical parts but on a flat strip, the thick- 
ness at the edge will be approximately 3.9 times 
the thickness at the center, An S-shaped corru 
gated section with generous radii will be plated 
about four times thicker in the areas closest to 
the anode than in the base of the recessed areas. 
The root of sharp recessed angles may have as 
little as 5% of the plating thickness found on 
high-current-density areas of the same part. 

In addition to the cathode shape, the distance 
between anode and cathode also affects the vari- 
ation in plate thickness. The factors are additive; 
that is, the closer a high-current-density point is 
moved toward the anode, the greater is the 
percentage current flow and the more nickel is 
deposited on that point. The effect of anode-to- 
cathode distance is directly proportional to ratio 
of maximum to 


minimum distance 


between 

cathode and anode. For example, if point B in 
Fig. 2 is twice as far from the anode as point A, 
only half as much nickel will be deposited at 
point B because of the effect of distance only. 
It is obvious that increasing the distance be- 
tween anode and cathode will decrease some 
of the variation in plating thickness. For ex- 
ample, if a part with a 6-in, deep recess when 
plated with a minimum anode-to-cathode dis- 
tance of 6 in, is plated four times as heavy in the 
areas closest to the anode as in the root of the 
recess, part of the difference is due to the shape 
factor and the rest to the distance. Since the 
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Fig. 2— Current Flow Den 
sity Between Flat Anod 
and Corrugated Cathods 


distance to the root of the recess is twice the 


minimum anode-to-cathode distance, the distance 
factor alone causes the heavily plated areas to 
be twice as thick as the minimum thickness 
areas. In other words, if the minimum thick- 
ness in the recess is 0.001 in., the maximum thick 
ness at the surface is 0.004 in.; 0.002 in. of this 
is due to the shape factor and 0.002 in. to the 
distance factor. To reduce the variation due to 
distance, it is necessary to move the cathode away 
from the anode. If the minimum anode-to- 
cathode distance is increased from 6 to 18 in., the 
distance from 2 to 1.33 
(24+ 18) so that the ratio between maximum 
and minimum plate thickness is reduced from 4 
to 3.33. An increase of 36 in. would decrease 
the distance factor to 1.17 (42 + 36) and the 
ratio between maximum and minimum thickness 
to 3.17. 

With properly designed parts and equipment, 
the major factor that then controls uniformity of 
plate thickness is the distribution of the current 
due to the part shape. 


factor is reduced 


A number of methods of 
changing the current distribution are used in 
commercial plating to decrease variation in plate 
thickness. One method uses a conductor placed 
near the cathode at a high-density area so that 
some of the current is used to deposit nickel on 
the conductor. This is a wasteful process used 
only for lack of a better method, since the con- 
ductor, called a “robber”, takes metal that would 
normally go on the part. In special instances 
nickel wire or shapes can be used and the metal 
reclaimed. Where nickel is the only coating 
applied, some salvage value of the nickel on 
any robber material is usually obtained. How- 
ever, when a robber gets multiple coatings of 
copper and nickel, little can be salvaged. 
Placement of a nonconductor or insulated 
shield between the anode and cathode as in Fig. 
3 forces the current to flow around the shield. 
This decreases the plate thickness at the normal 
high point and improves the general distribution. 
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It has a number of disadvantages: 

1. Increased cost of the rack fixtures. 

2. Increased cost to maintain the rack fixture. 

3. Possible increased cost for labor to rack 
and unrack the part. 

4. Drag-over and rinsing problems in the 
plating cycle 

Both anode-to-cathode distance and the cur 
rent distribution due to shape cause similar types 
of changes in the plate thickness distribution. 
By reversing their effects upon a part, improved 


Fig. 3 — Insulating Shields Decrease 
the Current Flow in High-Density 
\reas and Improve Plate Uniformity 


thickness distribution can be obtained. Current 
distribution is determined by the shape of the 
cathode but it is possible to use a shaped anode 
so that the anode-to-cathode distance is a mini- 
mum at the low-current areas and a maximum at 
high-current areas, and thus improve plate distri- 
bution. Usually, instead of a shaped anode, an 
insert anode is used to increase the thickness at 


With larger 
this can sometimes be accomplished by merely 


low-current-density areas. parts, 
hanging anodes only in positions opposite the 
low-current areas. 

A special method for decreasing the anode-to 


cathode distance is illustrated in Fig. 4. A con 


hig Bipolar Anods Increase 
Current Flow to Recessed Areas 


Insulated 4 
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ductor is placed between the anode and cathode 
to increase the amount of current flowing to a 
recessed area, and acts as a dipolar anode, The 
two faces of the dipole and the connection rod 
between must have good electrical conductivity. 
The rod or wire connecting the two pole faces 
must be insulated. Because the metal conductor 
has less resistance than the solution, current flows 
through the dipole to the recessed areas 

If the shape of a part permits an anode to be 
placed so that it is equidistant or nearly so 
from all points on the cathode, uniform plate 
thickness distribution will be obtained. In place 
of a center anode, a nonconducting shield with 
a narrow opening properly located can be utilized 
between the anode and cathode to achieve the 
same effect, 

Current distribution and its effect on thickness 
on a flat panel are fairly well determined and can 
be listed for a panel plated on both sides in terms 
of the amount of nickel deposited in each section 
of the panel 


Section or 


Weicur or 
Central 40% 30% 

Next 40% 37 

Next 10% 13 

Ww 20 


100 


iv 


Rack With an Insulating Shield to Protect the 
K-dges of a Large Surface and Prevent Excessive De posit 
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lig 6 


Rack Showing Mask to Prevent 


Plating With a Central Anode to Im 
prove Distribution in a Recessed Area 


Since in most plating we are concerned with 
the minimum thickness, we can also express the 
above data in average thickness for the area. 
SECTION OF Avenace Anea AVERAGE 

PANEL ‘THICKNESS ‘THICKNESS 
Central 40% 1.0 

Next 40% 1.25 

Next 10% 1.75 

Kdge 10% 2.50 25 

133 

Hence, on a flat panel you will deposit at least 
one-third more than is required for a uniform 
coating thickness. If the back side of the panel 
is insulated, the edge effect will be increased so 
that at least 50% more nickel will be used than is 
necessary for a coat of uniform thickness. 

In automatic plating of zinc die-cast and steel 
automotive components with bright nickel 0.001 
to 0.0015 in. thick, the best distribution is ob- 
tained economically with 15 to 1S-in. anode-to- 
cathode spacing and an average current density 
of 35 to 40 amp. per sq.ft. of effective surface 
area, Effective area means that if the face has 
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an area of | sq.ft. and the back of the part gets 
30% by weight as much nickel as the face, the 
part has an effective area of 1.3 sq.ft. Even so 
from 1% to 2 Ib. of nickel is used for each pound 
required for a uniform coat thickness. 

Theoretically, the distribution of current due 
to shape is not affected by the magnitude of the 
total current, That is, the ratio of maximum to 
minimum plate thickness due to the shape of a 
part is a constant. When the ratio changes, some 
other factor has caused the change. Increasing 
the current, temperature or agitation will usually 
give poorer thickness distribution, although the 
reason for this is not quite clear. However, the 
influence of edges or high points increases with 
the thickness of deposit. 

It has been noted that with low-concentration 
copper plating baths, good plate thickness dis 
tribution is obtained. On some parts, better 
thickness distribution is obtained at increased 
current; the best explanation for this is that the 
cathode efficiency decreases with increased cur 
rent density so that more uniform plate thick- 
ness results. 

The direct cost of nickel plating — the anodes, 
salts and additional agents —is about $1.00 for 
each pound of nickel deposited. Each pound 
of nickel will cover more than 20 sq.ft. with a 
uniform plate 0.001 in. thick. If some method 
of improving the distribution factor from 1.33 
on flat panels to 1.20 could be found, there 
would be a direct saving of 13¢ per Ib. in addi- 
tion to the labor, overhead and power savings. 
The amount of nickel saved by such a develop- 
ment might even be sufficient to give electro- 
platers all the nickel they have been seeking 
unsuccessfully 

One possibility is an additive that would 
decrease the cathode efficiency as current density 
increased, somewhat like the behavior of anodic 
coatings on aluminum. Such an additive should 
not affect the appearance or portective properties 
of the deposit 

Until such an additive is found, electrical and 
mechanical means of distributing the current 
flow offer the best opportunities for conserving 
nickel. Increasing anode-to-cathode distance 
will save some nickel; more can be saved by ex- 
tensive use of insulating shields either hung in 
the tank when plating certain parts or incor- 
porated into the plating racks eo 
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Die Steel 


Useful for 
Ultra High-Strength 


The strength, toughness, ductility and thermal stability 


Structural Requirements 


By JOHN 


HAMAKER, 


of a 5% chromium die steel are superior to those of any 
ultra high-strength structural alloy proposed for aircraft operation 


, MAJOR PROBLEMS face metals engi- 


necrs responsible for the selection of alloys for 
use in aircraft, The most immediate is the need 
for a steel which can be heat treated to tensile 
strengths in the range of 220,000 to 250,000 psi 
and retain sufficient toughness for structural ap 
plications. The few alloys that have been sug 
gested for such requirements have one or more 
adverse characteristics which limit their general 
acceptance 

A much greater problem in alloy selection is 
the so-called thermal barrier or thermal thicket 
This is not a fixed speed which an aircraft cannot 
exceed, as the “sound barrier” was formerly con- 
sidered, but is determined entirely by the struc- 
tural materials, especially those used for the skin 
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in the temperature range of — 100 to + 1000° F. (Q general, J general, AY, TS) 


As the speed of aircraft increases, the skin tem 


perature increases rapidly as shown in Fig, | 
Speeds in excess of 1900 miles per hr. have been 
reached and considerably higher speeds are an 
ticipated. The need for new high-strength high 
temperature alloys is obvious 

Both problems can apparently be solved by a 
popular hot work die steel called Hotform which 
has a unique ombination of toughne 
at ultra high strength levels and elevated-tem 
perature strength that is unsurpassed up to 
1000° F 
Vanadium-Alloys Steel Co., this steel bears the 
A.LS.1L-S.A.E 


*Manayger of 
Co., Latrobe, Pa 


Originally developed 24 years ago by 


designation and nominally 


Research, Vanadium-Alloyvs Steel 
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Table I Properties of Hotform at Room Temperature 


V-Nor 
Pe Rockwell Tense YIELD REDUCTION 
TEMPERATURE HARDNESS STRENGTH STRENGTH or AREA 
Impact 
950° $11,000 psi 241,000 psi 7.3% 11.2 ft-lb 
1000 4 290,000 235,000 7.8 
1050 268,000 226,000 8.5 20.4 
1100 Hy 221 000 89,000 11.2 $8.5 22.3 
1200 44 154,000 124,000 14.1 $1.2 29.5 
1400 29 136,000 101,000 16.4 $2.2 66.8 
i in Table I. The maximum true fracture stress, 
Miles Per Hr which is indicative of adequate ductility at max- 
| 1600 aa imum strength, is achieved by tempering at 1000 
to 1050° F, This temper produces 265,000 to 
‘ 290,000 psi. tensile strength, 225,000 to 235,000 
d « 1200 psi. yield strength, 7.8 to 8.5% elongation and 15 
g to 20 ft-lb. Charpy V-notch impact strength. 
: The impact value at -100" F. is 15 ft-lb. and 
% 800 the fracture is completely tough and fibrous. 
7 E Notched bend tests maintain full strength and 
% o good ductility with bottom radii as small as 0.009 
400 in., indicating minimum notch sensitivity. The 
= elongation and impact strength at various tensile 
. levels appear consistently higher than those tor 
_u —--- = both low-silicon and high-silicon S.A.E. 4340 
° teel. (See data sheet, p. 96-B 
Mo stect, ( oce ata snect, p- - 


The superior ductility and toughness of this 
lig ] Aircraft Skin Te mperature for High- relatively high alloy stee] are assoc iated with its 
Speed Flight in the Stratosphere at Ambient ; 
Temperature of —67° (From “The Thermal 
Barrier”, by Dr. George Gerard, published 
here by courtesy of Ordnance magazine) undesirable features that have beset other high- 


unique heat treatment, which produces a stable, 
stress-free structure while avoiding most of the 


strength steels. Designed with extremely deep 


ardenability the hardening of large die 
contains 0.40% C. 5.00% Cr, 1.30% Mo and 0.50% V. hardenability for the hardening o irge die 


blocks ( Fig. 2), this material can be fully harden 
It has excellent resistance to thermal fatigue in 


ed in heavy sections by simply air cooling from 
1800 to 1900° F. Because it is cooled slowly and 


uniformly, a structural part arrives at room tem- 


such demanding operations as aluminum die- 


casting dies, and has proved to be an excellent 
high-strength material for tool and die engi- 
5 5 © perature with much less residual stress than 
neering. 
would be obtained from more drastic oil quench- 
Koom temperature properties of this material, 


ing. The very high hardenability also provides 


after air cooling from 1850° F. and double tem- , 
assurance against another problem of low-alloy 
ering at various temperatures, are summarizec 

I S steels—the substandard properties obtained from 


occasional heats of low hardenability 
Oil Quenched Bar Diameter, In 


0 ] 2 3 a 
= Hotform 1800 °F 
1850 Fig. 2—Jominy End-Quench 
4340 (Avg.) Hardenability of “Hotform” 
0 8 16 24 32 40 48 56 64 and 1900° F Compared 
Distance From Quenched End, Sixteenths With Median of 4840 H-Band 
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Fig. 3— Effect of Time and Temperature of Temper- 


ing on Hardness of “Hotform” Air Cooled From 1850° F 


The tempering characteristics are particularly 
outstanding. A secondary hardness peak (sim 
ilar to that found with high speed steel) appears 
in the vicinity of 950° F. ( Fig. 3), and all temper- 
ing is conducted at still higher temperatures to 
the best 


toughness. 


obtain combination of 


strength and 
Thus, any residual stresses that may 
have been set up in quenching are essentially 


all the 


“stress-relief temper 


removed by very high-temperature 
Only 50% of the quench- 
ing stresses in an oil hardening toolsteel are re- 
moved by tempering at 500° F., whereas over 95% 
are removed by tempering at 1000° F., as indi- 
cated in Fig, 4. 

Since silicon additions are not needed to raise 
cleanliness or inclusion 


Similarl 


“blue-brittle range” near the desired tempering 


the tempering range 
problems are eliminated. there is no 
range. Any tempering temperature beyond the 
secondary hardness peak can be safely used to 
obtain the combination of strength and ductil- 
itv desired. Multiple tempering in this range 
transforms essentially all of the retained austenite 
to tempered martensite so that refrigeration 
treatments are 
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1000 Psi 


Surface Stress 


Mechanical and physical properties after 
50 summarized in 
Table Il, and on the data sheet (p. 96 B 
At 1000" 180,000-psi. tensile strength 
and 140,000-psi. yield strength are obtained 
with 30 ft-lb. impact and over 10% elonga- 


tempering to ¢ are 


tion. Like all martensitic or ferritic steels 


the coefficient of expansion is much lower 


than that of austenitic stainless steels or 
other high-temperature alloys. This reduces 
the stress levels in nonuniformly heated 


structures and provides more compatible 
design with titanium, which has a similar 
low expansion coefficient. The thermal con 
than that re- 
ported for high-strength stainless steel. 

As shown in the data sheet, p. 96-B, its 
tensile strength ranging from room tem- 
perature to 1000° F, exceeds that of all the 
well-known heat 
Its strength-to-weight ratio is 


ductivity is also 25% greater 


high-strength resisting 
materials, 
superior to those of the strongest titanium 
alloys stainless 


precipitation hardening 


steel and other 


The high-strength titanium 
17-7 PH their 


hardening, and due to structural instability 


high-temperature alloys 
alloys and 


derive strength from age 


at higher operating temperatures, neither 
alloy is recommended for operation above 


Fig. 4 


Effect of Tempering 


ture on Residual Stress in a Quenched 


mpera 


Manganese Oil Hardening Toolsteel 
T T 7 
60 
50 C.59 
40 

‘ 
30 

Tensile 
20 
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10 
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Compressive 45 
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Tempering Temperature fF 


95 


Table Ul Elevated-Temperature Properties of Hotform Initially Tempered at 1060° F. 


lest Yiewp 
70° C-50 262,000 psi. 215,000 psi 
SOO 245,000 197 000 
YOO 232,000 195,000 
50 229, (WOO 191,000 
HOO 219,000 187.000 
900) 207 OOO 166.000 
1000 180,000 140,000 
1100 4 142,000 105,000 
1200 1] 85,000 643,000 


\-NoTcu 

R eEDUCTION MopuLus of 

OF AREA ELASTICITY ee 

10.0% 30.4 psi. 21.0 ft-lb 
10.1 36.1 27.7 27.1 
98 34.5 26.2 
10.0 $5.2 27.7 
11.4 38.7 27.3 41.8 
12.2 38.9 27.0 29.3 
11.0 $5.4 22.6 
12.8 21.0 $3.2 
18.9 16.5 


800° F. “Hotform” can be used at temperatures 
up to at least 1L000° 

Materials of the latter type that derive their 
strength from the tempering and secondary 
hardening of martensite tend to be structurally 
stable and predictable. Their softening with ex- 
posure time at elevated temperatures closely 
follows the empirical tempering relationship de- 
vised by Holloman and Jaffe and adapted to alloy 
steels by Roberts, Grobe and Moersch: 

Parameter 460] [20 + log hr.| 

Using the data in Fig. 3, a single curve 
is derived in which hardness is plotted against 
values of the parameter (Fig. 5). From. this 
curve, we can quite accurately predict what 
tempering temperature should be used to provide 


Fig. 5 — Parametric Relationship Which 
Shows Combined Effect of Time and 
Temperature of Tempering on Hardness 
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structural stability and essentially constant short- 
time tensile properties under various operating 
conditions. For example, the following initial 
tempering temperature should provide 100-hr. 
structural stability at the given operating tem- 
peratures; 


Minimum TeEMPERING 100-Hr. 
TEMPERATURE TEMPERATURI 
985° F. F. 
1040 950 
1090 L000 
1200 1100 


The same parameter technique, developed by 
Larson and Miller to relate creep-rupture life 
with short-time tensile properties, can also be 
applied to this steel for calculating creep-rupture 
characteristics 

With regard to surface stability, the chromium 
content provides considerably more oxidation 
and corrosion resistance than is found in lower 
alloy steels. In fact, a lower-carbon 5% Cr, 0.5% 
Mo counterpart of this steel has the designation 
Type 501 stainless, and is used extensively under 
the corrosive high-temperature conditions of oil 
refining. Hot-dip aluminizing may be used to 
increase resistance to oxidation and corrosion in 
service and to protect the surface during heat 
treatment. The component is dipped in molten 
aluminum prior to austenitizing at 1850° F. The 
aluminum will diffuse at 1850° F. and increase 
the toughness of the aluminized laver. Where 
maximum wear resistance is required, this alloy 
can be nitrided as readily as the aluminum nitrid- 
ing steels to obtain surface hardnesses up to 
Vickers 1300 while retaining the heat treated 
strength of the core. 

This material is produced in all common 
forms, including billets, forgings, sheet, bars and 
drill rod. Welding and processing procedures 
have been established by long experience, and 
uses are foreseen in many fields. So 
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Coke quenching car, Youngstown Sheet and Tube Co., Youngstown, Ohio. Ductile iron plates, doors, diaphragms, 
and door hinge brackets have greatly extended the service life and reduced maintenance costs on cars of 
this type. The castings were held in place with rivets of “Yoloy”, a nickel-copper steel produced by Youngstown 


Service life extended... 


Hopper car survives coke quenching ordeal 
five times longer with Ductile Iron 


This hopper car is on a sizzle cycle at the Brier Hill 
coke plant of Youngstown Sheet and Tube. 

It totes 9 ton loads of 2000°F. coke from oven to 
cooling tower for water spray quenching. Round 
the clock. Seven days a week. 

Despite these punishing abrasive and oxidizing 
conditions, ductile iron end and back plates, fastened 
with Yoloy steel rivets, were still serviceable after 
18 months’ service. That's nearly five times the life 
of 116” hoiler steel plates previously used. No warp- 
ing. No cracking. Limited scaling. 

A second comparative test — this time on the hop- 
per doors — showed ductile iron lasted three times 
longer than gray iron. Result: Youngstown now 


oe 
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<a ductile iron... the cast iron that can be twisted and bent 


standardizes on ductile iron for all parts that come 
in contact with hot coke. 


Maybe ductile iron is the answer to your hot ap- 
plication problem, too. At high temperatures, it 
offers excellent resistance to growth, warpage and 
oxidation. It’s strong and tough. Combines many 
advantages of both steel and cast iron. Proven suc 
cessful for furnace doors, grates, pouring troughs 
and the like. 


Want to know more about this new material’? 
Write for “Ductile lron, The Cast Iron THAT CAN 
BE BENT.” Gives full particulars on Heat Resistant 
Ductile Iron and the entire Ductile lron family. 


The INTERNATIONAL NICKEL COMPANY, Inc. 
67 Wall Street, New York 5, N. Y. 
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Physical Properties of Hotform 
Composition: 0.40% ad 5.0% Cr, 1.30% Mo, 0.50% V 
Density: 7.75 g. per cc. (0.280 Ib. per cu. in.) 
Thermal conductivity, Btu. 
per sq. ft. per hr. per °F 
per in. 


in. per in. per °F.x 10° 
200 ° F 6. 
400 

00 


1120 199 
800 to 1200 
Notes on Heat Treatment 
Forging: Start at 2000° F., stop at 1600° F.; slow cool in 


Annealing: 


Welding: 


Hardening: 


Tempering: 


insulating medium. 

1500 to 1550° F.; cool at 50° per hr. to 1000 
F.; Brinell 183 to 202. 

Preheat to 1000° F.; weld with shielded arc; main- 
tain temperature above 600° F.; slow cool in fur- 
nace or insulating medium; full anneal. 

Preheat at 1450° F.; hold 20 to 30 min. at 1800 
to 1900° F. in protective compound, salt or at- 
mosphere; air cool to room temperature 

Double temper at 950 to 1200° F.; time and tem- 
perature depend on size and hardness desired. 
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HOW SINGER GETS NEEDLE-FINE 
CONTROL OF CASE DEPTH WITH 


AEROCARE E:w 
CARBURIZING COMPOUNDS 


CYANAMID'S HEAT TREATING COMPOUNDS INCLUDE: 
AEROCASE” Case Hardening Compounds AEROMET® Metallurgical Additive 
AEROCARB” Carburizing Compounds Metallic Stearates 

AEROHEAT™ Heat Treating Compounds Surface Active Agents 

Acids and other Heavy Chemicals 


The Singer Manufacturing Company, Elizabethport, 
N. J., finds that Azrocans E and W Carburizing Baths 
make it easy to control case depths of their sewing 
machine parts within thousandths of an inch, produc- 
ing excellent wear resistance. 


<&VYANANI 


Vertical operating presser bar shafts and needle bar 


' shafts for their 99 Class Sewing Machines are case- AMERICAN CYANAMID GOMPANY 
hardened at 1650°F. Sincer gets fast penetration METAL CHEMICAL > 
with minimum distortion, and finds water-soluble 30 Rockefeller Please, New Verk 20, N.Y. 
Agerocars E & W easy to remove. Parts emerge from Send Technical Data Sheet on Arnocans E & W Car- 
burizing Compounds. 


the carburizing operation bright, clean and straight, 
ready for fast and easy finishing. Name 
Company 
Agrocars E & W can help you, too, get exactly the Address 
desired case composition and case depth with low 
distortion. For specific information on the use of 


Cyanamid’s Aerocars Carburizing Compounds, mail 


City Zone State 


us the coupon. In Canada: North American Cyanamid Limited, Toronto and Montrecl 
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Depend on the award-winning 
Bausch & Lomb line for 


BETTER, FASTER 
METALLURGICAL 
ANALYSES 


Why was Bausch & Lomb metallurgical 
equipment used by 9 out of 12 ASM award 
winners? Why does the same proportion 
prevail throughout industry—in research, 
in quality control? Three reasons, all im- 
portant to you: 


Balphot Metallograph 
Catalog E-232 


@ Unequalled image quality, visual 
and photographic 


@ Unequalled ease of operation 


@ Unequalled speed of analysis a 


WRITE FOR INFORMATIVE LITERATURE 


Find out how Bausch & Lomb—with the 
most complete line serving industry—can 
save you money in time and materials. 
Write, specifying Catalog number(s) to 
Bausch & Lomb Optical Co., 63812 St. 
Paul Street, Rochester 2, New York. 


MILS Metallograph 
Catalog E-28 


Stereomicroscopes 
Catalog D-15 


BAUSCH 6 LOMB 


Model L 
America’s only complete optical source. trom glass to finished product. Phot crograp 
E-210 Pelereid Lend 
Catalog E-244 atalog E- 
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Recent Studies 


Ductile Molybdenum 


There is nothing inherently esoteric in the fact that commercial molybdenum, 
naturally ductile, can be embrittled during fabrication. Small amounts of oxygen, 


By JULIUS |. HARWOOD* 


as well as nitrogen and carbon, tend to form grain-boundary films 
which start and propagate cracks between very ductile crystals. 


4 RECENT YEARS much attention has been 
given in the United States to molybdenum and 
its alloys, particularly to evaluate their properties 
at 1600" F 


exampled creep strength. This advantage has 


and higher where they exhibit un 


been accompanied by certain drawbacks, notably 
susceptibility to catastrophic oxidation (which 
will not be discussed in this article), grain bound 
ary contamination leading to poor ductility at 
room temperature the misnamed “recrystalliza 
tion embrittlement”, and deficient toughness of 
welded joints. These features have obvious im 
portance in the use of the metal in structures or 
machines 


Norman 


summary of the properties of are cast molybde 


Deuble has presented a useful 


num in the fourth article of his series in Metal 
1955 


studies have been made on metal parts origin- 


Progress, July issue. Enough parallel 
ating as cast ingots and as pressed powder to 
indicate that, once the mechanical and thermal 
processing treatments have wiped out the char- 
acteristic features of the starting material, quite 
similar tensile and fatigue properties are obtained 
at room temperature when tests are made on the 
two varieties. Ductility in either case depends 
on refinement of grain structure and redistri 
bution of impurities What appears to be signifi 
cantly different grain growth behavior is due to 
differences in carbon and oxygen content (see 
Table 1), and 
sintered molybdenum by oxide films 

Purification of Metal 


that much attention has been given to the pro 


restriction of grain growth in 


It was to be expected 


duction of molybdenum of an ever higher degree 


of purity—if only in an effort to explain some 
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A little titanium is most efficient in rendering these impurities innocuous. (Q23, Mo) 


of the anomalies in the behavior of supposedly 


“pure” metal, As seen in Table 1, are cast metal is 
now notably lower in oxygen and carbon than 
that produced six years ago. However, to 
establish the quantitative relationships it was 
necessary to refine the best metal available, and 
then add known amounts of impurities 

Two methods were found acceptable (a) 
vacuum fusion purification, which is really multi 
ple are melting, and (b) solid-state purification, 
which consists of heating thin sections of com 
mercial molybdenum in high vacuum (10° nm.) 
above 1900° C 


Repeated 


but below the melting point 


remelting under high 


vacuum 
readily removes oxygen, nitrogen and hydrogen 
but leaves the carbon about as it was (on 
sequently powder metallurgy bar stock, which 
has a lower carbon content than are cast molybde 
num, was used as the starting electrode material 
The last column in Table I describes the result 
ing double remelted high purity ingots 
Solid-state purification. is equally effective in 
volatile 


wire and rod up to 0.25 in 


removing molybdenum 


impurities im 
Heating in a 
vacuum of O.1 micron of mereury for 6 hr. can 
reduce the oxygen to 0.0003% and the nitrogen to 
0.00029 in a sample previously decarburized by 


heating in flowing oxygen at 1650° F.) 


* Head Metallurgy Branch Office of Naval He 
search, Department of the Navy, Washington, DA 
This paper is based on a much longer presentation 
before the 
in Reutte 
title “Some Aspects of the 
denum and Its Alloys” 


conference on pow der metallurgy held 
Austria, in the spring of 1955 under the 
Technology of Molyb 
The opinions stated in this 
article are those of the author and are not nece ssarily 
those of the Office of Naval Research 
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Table 1—Impurities in Refined Molybdenum 


Anc InGot 


SINTERED Hicu-Purity 


Propucen 1n 1949 


Propucen 1955 | Bar Srock INGot 

0.032 

0.005 

0.0001 


Oxygen 
Carbon 


0.0002 % 
0.024 
0.0002 
0.0001 


0.0007 % 
0.003 
0.0001 
0.00031 


0.0002 % 
0.002 
0.0002 
0.00005 


Nitrogen | 
Hydrogen 


Embrittlement by Impurities 


To prepare metal whose tests are summarized 
in Fig, 1, the impurities were added to multiple 
are melted metal, starting with pressed powder 
electrodes, Oxygen and nitrogen were introduced 
into the furnace at low pressure during final 
melting. 
in the original electrode. 


Carbon was added as a master alloy 


An unnotched bend test was loaded at a rate 
of | in. per min. which strains the outer fibers 
somewhat faster than in the ordinary tensile 
test. The convention was adopted that below 
the “transition temperature” the bend angle 
would be less than 4°; above the “transition 
temperature” the bend angle would be more 
than 4°, Figure | shows that, by this test, min- 
ute amounts of oxygen (0.00024) severely em- 
brittle cast molybdenum. Nitrogen is not as 
harmful; room-temperature brittleness occurs at 


0.003% N, 
three; room-temperature ductility was obtained 


Carbon was the least harmful of the 


with approximately 0.014% C, 

Points are shown in Fig. | where an excess 
phase appeared in the microstructure, and the 
that is to 
say, the greatest increase in transition temper- 


curves seem to break at those points 


ature occurs while the trace impurities are pres- 
ent in solid solution or at least so highly dis- 
persed as to be invisible to the microscopist. 
Once a second phase occurs—usually at a grain 
boundary—the addition of more impurity has 
a relatively smaller effect in raising 
the transition temperature (increas- 
ing brittleness ). 

This 


grain-boundary precipitate was the 


suspicion, namely, that 


Fig 
Bend Test Transition Temperature of Cast High- 
Purity Molybdenum. 


in the techniques of arc melting have resulted 
in higher purity ingots and an associated decrease 
in transition temperature. Several years ago the 
average content of commercial cast 
molybdenum was 0.002%, whereas the 1956 prod- 
uct may be as low as 0.0003%. The bend transition 
temperatures of these carbon-deoxidized ingots 
are respectively 180 and 80° C, (350 and 175° 
I’. ). In comparison, the bend transition tempera- 
ture of a high-purity, multiple melted molybde- 
num ingot with 0.0001% O, 
—8” C. (—110° F. ) 
Similarly, the solid-state purification of molyb- 
denum 


oxygen 


could be as low as 


powder also improves its ductility. 
Even though fully reerystallized—which ordinar- 
ily should make the pieces more brittle than 
the original fibered molybdenum —the purified 
rods are ductile. Heating for 12 hr. at 2100° C, 
(3800° F.), while evacuated to about 0.05 micron 
Hy, reduces the oxygen from 0.0018% to 0.0003% 
and results in a transition temperature of about 

gO" 130° F.). 

\ third fact lending experimental evidence to 
the belief that oxygen is the most potent agent 
in embrittling molybdenum is shown in Fig. 3, 
wherein solid-state purified wires were heated 
15 min. at 1485° C. 
tial pressures of oxygen and tested at that temper- 
ature. It seems clear that the hot metal absorbed 
oxygen in proportion to the amount in the rarified 
atmosphere, and as the oxygen content increased 
the tensile ductility decreased. 


(2700° F.) in very small par- 


Effect of Oxygen, Nitrogen and Carbon on 


(Battelle Memorial Institute) 


Increasing Brittleness — 
ow 


ruling factor, is confirmed by other 
First 


(Fig. 2); the grain boundaries of 


evidence. is metallography 


the high-purity control ingot are 
free from second phases, but pre- 


w 


cipitated (oxide) phases occur at 
the boundaries when oxygen — the 
most potent element — increased 
from 0.0001% to 0.0006, 


Second is the fact that advances 


Transition Temperature, 


-100 
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Ox ygen 


First Occurrence of Excess 
Phase in Microstructure 


Nitrogen 


Carbon 


Commercial Cast 
Molybdenum 


00001 0005 0.0! 0.02 0.03 


Composition, 
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Fig. 2— Accumulation of Grain Boundary Constituent in High 
Purity Cast Molybdenum as Oxygen Increases 


Left is the high-purity 


control ingot, etched in warm ammonium phosphate and hydrogen 


peroxide, 2000. 


Finally an experiment on a wire, 0.04 in. 
diameter, consisting of a single crystal, is enlight- 
ening (Fig. 3). If it is heated alongside a 
polycrystalline wire in a low pressure of oxygen 
sufficient to embrittle the latter, the single crystal 
can be bent into a rat tail around a pin twice 
the diameter of the specimen. Presumably the 
single crystal has absorbed oxygen, but it was 
invisible under the microscope (in solid solution ), 
and there was no hardness gradient observable 
in microhardness tests, surface to center. In 
solid solution, oxygen is not a potent embrittling 
factor. In a single crystal there are no grain 
boundaries for the second phase to collect in. 
One precaution is necessary—that there be no 
small surface grain present on the “single crys- 
tal”; if so, fracture will start at the grain bound 
ary and propagate rapidly. 

In summary, there is sufficient reason to spec 
ulate that molybdenum completely free from 
oxygen would be ductile at — 190° C, (—310° F.), 
Furthermore, oxygen (and nitrogen and carbon ) 
may embrittle ways. If 
sufficiently high, they will precipitate at grain 


molybdenum in two 


Fig. 3 
Ductility of High-Purity 
Diameter Tested in Tension 


Molybdenum 


Others were etched in 
500; left to right, 0.001% O,, 


Effect of Oxygen Pressure in Atmosphere pon 
Wires, 0.04 
(Battelle Memorial Institute) 


Murakamis reagent 
).0002% O. and 0.0006% O 


boundaries, and so 


result in intergranular 
brittleness. lipurity elements in solid solution 
(and the room-temperature solid solubility for 
some of them may be below the limits of ana- 
lytical sensitivity ) will increase the tendency for 
transgranular brittleness. The two eflects may 
films at 


intergranular 


cooperate thus; Discontinuous 


vrain 
boundaries may initiate cracks 
which may then propagate transgranularly 

“Recrystallization Embrittlement”—The above 
investigations throw much light on an exasper- 
ating feature in the heat treatment of molybde 
num—namely that if a cold worked piece is 
heated for recrystallization, it would likely lose 
a lot of its original ductility Recent findings 
now establish quite definitely that this is due 
to contamination from the furnace atmosphere 
and is not inherent to the recrystallized state 
Thus the term “recrystallization embrittlement” 
is a misnomer and should be dropped 

The ductile behavior of high purity molybde 
num in the as-cast condition supports this Ade 
quately deoxidized, it can retain ductility after 
heating | hr. in “oxygen-free” atmospheres as 
high as 2180° C, (3900° F 


transition temperatures of 


( harpy impact 

recrystallized 
- molybdenum alloys were often lower than 
for the as-wrought alloys. Coarse grain size 


or the process of recrystallization, per se, 


0.04 1 Vacuum 
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0.170, 
§ 30 
/ 
20 
° 
ry / 
10 O7 
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is therefore not the cause of embrittlement 


Finally 


earth elements and titanium alleviates 


deoxidation with aluminum, rare 
high 
temperature embrittlement, and the high 
ductility of molybdenum purified by heat 
ing in a high vacuum makes it impossible 


to ascribe anv embrittlement effects to the 


process of recrystallization 
From a commercial viewpoint the neu 

tralization of harmful impurities 


steel, would be 


more feasible than their elimination since 


similar to 
deoxidation practice for 
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lies in the application of the prin- 

ae ciples discussed above — namely, 

1112 Tt] 600 high-purity materials or the dis- 

persion of grain-boundary oxides 

w 932 500 by alloying elements or by hot 
working. 

2 400 5 John Wulff and his associates at 

Massachusetts Institute of Tech- 

E 300 2 nology have studied the effects of 

5 - heat treatment and hot work on 

. 200 2 welds in are cast molybdenum and 

6 € powder metal products. All the 

= 100 = characteristics he has discovered 

are associated primarily with the 

0 oxygen content (either initially 

140d 100 present or picked up from the 

0 005 0.1 10 welding atmosphere ) and indicate 

Composition, “% that the most likely methods to 

Fig. 4— Effect of Various Elements on Bend-Test produce ductile weldments lie, as 

Transition Temperature of Cast Molybdenum indicated above, in the use of 

Al, Ti and Th are by analysis of ingot; others are super high-purity molybdenum 


amounts added to melt. Strain rate, 0.038 
per in, per see (Battelle Memorial Institute) 


it would be almost impossible to prevent the 
subsequent contamination of high-purity molyb 
denum during fabrication. 

Therefore a number of elements were studied 
which have compounds of such stability that 
they offered some promise of “tying up” the 
deleterious O., No or C. These elements are Al 
Ti, Zr, Cr, B, Si, V, Be and Th, and their effects 
were evaluated by tests on cast ingots. Titanium 
proved most effective in improving the room- 
temperature ductility of cast molybdenum 
and in lowering the transition temperature (Fig. 
4). The optimum composition may be that at 
which the impurities are converted into innocu- 
ous inclusions in proper dispersion. 

An extensive study of the binary alloys by the 
Climax Molybdenum Co., summarized very 
briefly by Deuble in Metal Progress tor July 
1955, revealed also that molybdenum with 0.5% 
Ti had the lowest tensile transition temperature 
of any alloy tested 70°C. (—90° F.) for re- 
crystallized material. This is a real achievement! 
In notched-bar ¢ harpy tests none of the alloys 
had markedly superior transition temperature to 
unalloyved molybdenum. 


Cure of Britthke Weldments 


The factors responsible for the low ductility of 
molybdenum weldments are identical to those 
responsible for the embrittlement of as-cast or 
recrystallized molybdenum, and the practical 
problem of improving the ductility of weldments 


im and inert atmospheres; hot work- 


ing the welded zone to disperse 
oxide networks; or the use. of 
deoxidized molybdenum and filler rods. Sound 
ductile welds can be made in such metal when 
the welding is done in high vacuum. 

The oxygen content of commercial powder 
metallurgy molybdenum is usually sufficient to 
embrittle weldments even when are welded in 
purified inert atmospheres. Welds in commercial 
molybdenum of low oxygen content, carbon-de- 
oxidized and are cast, are brittle because of 
carbide precipitation, Commercial inert gases 
are usually too impure for adequate protection. 
In addition, the faving surfaces must be clean 
and free of oxide films. 

Such specialized practices are hardly com- 
mercial, and consequently alloying elements 
as deoxidizers or “fixers” are under investigation. 
To be effective such clements should have a high 
affinity for oxygen; the metal oxide should have 
a high melting point, be capable of spheroidiza- 
tion, and have a low dissociation pressure or 
sufficient stability to lower the pressure of molyb 
denum trioxide vapor which tends to form when 
the dioxide is in contact with the metal. Of 
the numerous alloying elements investigated 
titanium in the optimum content for weld 
ductility is in the same range of composition as 
results in the lowest transition temperature of 
molybdenum-titanium alloys. 

In fusion welding, oxygen pickup in the weld 
bead (and consequent embrittlement ) is directly 
related to the oxygen content of the welding 


atmosphere, Since nitrogen seems to influence 
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the oxygen pickup, its addition to an “inert” 
welding atmosphere containing 0.2 to 0.4% oxygen 
may be helpful. Apparently a reaction between 
the two gases occurs under the welding arc which 
reduces the amount absorbed in the bead. How- 
ever, such oxygen-nitrogen mixtures cannot be 
substituted for high-purity inert gases to obtain 
ductile weldments.* 

Summary — The data from studies on room- 
temperature ductility, high-temperature embrit- 
tlement, deoxidation and alloying indicate that 
molybdenum, unless it is of high purity, contains 
precipitates of oxides, carbides or nitrides at the 
grain boundaries. When sufficient to produce 
networks, they result in poor ductility. Heating 
in vacuum puts these precipitates into solution, 
and after quenching the ductility is good. 


The ductile or brittle behavior of heat treated 
molybdenum and its alloys is dependent upon 
the atmosphere in which it is heated as well as 
the rate of heating, rate of cooling and subse 
quent reheating conditions, In this an aging 
process involving grain-boundary precipitates 
appears to be the primary process 

Deoxidation practice and alloying elements 
improve ductility by converting the precipitates 
(oxides, nitrides, carbides ) into innocuous forms, 
by affecting the solubility relationships of the 
interstitial impurities, and by altering the kinetics 
of the aging processes, rs] 


*AuTHor’s Foornore — Since the writing of this 


paper, techniques have been found for making are 
welds in “inert” atmospheres which give welds with 
moderate ductility 


Infiltration of Cermets 


or 


Improved Toughness 


By CLAUS G. GOETZEL 


and JOHN B. ADAMEC* 


Composite structures produced by impregnating porous titanium carbide 
compacts with a metallic binder have better impact strength 
and oxidation resistance than conventional cermets. (H 16, SG-h) 


LONG searcu for high temperature 


materials for turbine components to operate be 
yond the temperature limit of the alloyed metals 
has led to a group of composite materials called 
based on structures 


cermets incorporating 


ceramics, intermetallic compounds and the so 


called 


usually consist of a hard refractory phase bonded 


hard metals These composite mate rials 


by a more ductile metallic phase. The combina 
tions studied have included such a variety of 


systems as molybdenum disilicide and nickel 
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aluminum oxide and ( hromium 
and nickel, and titanium carbide bonded with 
nickel, cobalt or iron-base alloys The material 
which seems most promising at pres nt is based 
on titanium carbide as the refractory phrase and 
binder metal 

Although such cermet 


over a wice 


various nickel alloys as 
have been produced 


range of binder-to-carbide ratios 


* Vice Pre ident ind 
Chief Metallurgic il 
cast Corp, of America 


Director of Research, and 
Sintes 


Yonker \ 
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the best combination of physical properties is 


obtained when the composition contains approxi- 
mately 60% by volume of titanium carbide. Suc- 
cessful fabrication techniques include sintering 
the components above the melting temperature 
of the binder, hot pressing at these temperatures 
or infiltration of a porous carbide skeleton with 
the molten binder, 

Materials produced by all three methods have 
met with varying degrees of success but the lack 
of toughness has so far hindered their acceptance 
as structural materials for gas turbine components 
in jet engines. Both impact and fatigue resist- 
ance are marginal, Failures which have occurred 
during the engine testing of titanium carbide- 
base buckets have generally been located in the 
upper 25% of the airfoil section or in the neck 
of the special dovetail-type root. It is believed 
that high vibratory stresses amplified by poor 
damping characteristics are partly responsible 
for airfoil failures and that foreign particle im- 
pact at thin sections is responsible for the 
remainder, There also exists the possibility that 
inadequate resistance to thermal shock in com- 
bination with poor impact resistance may con 
tribute to premature failure of the critical airfoil 
sections. Fractures in the root sections are be 
lieved to be caused by the inability of cermet 
components to deform plastically so that stress 
concentrations due to small misalignments can 
be alleviated, 


In view of the persistent shortcomings of the 
present cermet products, renewed thought is 
now being given to the employment of so-called 


“graded” cermet products. The term “graded” 
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Fig. 1 — Microstructures of Titanium Carbide 
Cermets The continuous carbide network 
shown at the left causes much lower resist- 
ance to impact than the discontinuous struc- 
ture shown at the right. Unetched. 1000 


means that the metal content in the cermet com- 
ponent varies along one or more directions so 
that the physical properties of any given section 
can accommodate the imposed mechanical and 
thermal conditions. Such a gradation could pro 
vide ductility and toughness in areas which re 
quire these properties. The same areas would 
not be subjected to a combination of high tem- 
perature and high stress so that either high-alloy 
cermets or pure alloys could be used. The prob 
lem, therefore, is primarily one of selecting 
appropriate materials and developing a fabrica 
tion technique so that cermets of varying alloy 
content up to pure alloys can be combined into 
one component. In present jet engine operation 
specific temperature and_ stress conditions in 
various areas of a turbine bucket are as follows 
For the roots, the stress is 20,000 to 25,000 psi. 
and the temperature is 1200 to 1400° F.; for the 
top of the airfoil, the stress is about 8000 psi. and 
the temperature 1600 to 1700° F.; for the bulk 
of the airfoil, the maximum stress is 12,000 psi. 
and the temperature may reach 1800°F. at 
certain critical areas. 

It has now been established that the infiltration 
technique can produce certain types of graded 
titanium carbide products which possess the 
desired properties in each of the aforementioned 
critical areas. Thus it should be possible to over- 


come the shortcomings in ductility and impact 
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resistance now encountered in the homogeneous 
cermet engine components. 

The standard infiltration process used for the 
production of precision products consists of 
lightly compacting a briquet of ultrafine (less 
than 5») titanium carbide powder and sintering 
at a relatively low temperature to form a strong 
but very porous compact. This skeleton is an 
exact replica of the finished product in shape, 
dimensional tolerance and surface smoothness. 
An investment mold of highly refractory material 
is formed around the skeleton and subsequently 
a molten heat resistant alloy is introduced and 
contacts the skeleton, usually on top, filling all 
of its interstices by capillary action. Thus, a 
continuous intertwined two-phase structure is 
produced upon solidification. 

This technique has been modified so that in 
filtration of the skeleton takes place along prefer- 
ential paths resulting in metal-enriched areas at 
the sensitive edges of the airfoil and at the root. 
By careful control of the heating evcle, shrink- 
age of the skeleton can be directed to create gaps 
between the interior surfaces of the investment 
mold and the exterior surfaces of the skeleton 
These gaps become filled with the molten heat 
resistant alloy during the infiltration process 


Properties of Homogeneous TiC Cermets 


The properties of titanium carbide cermets 
are influenced to varving degrees by the micro 
structure of the composite material Impact 
resistance is sensitive to the uniformity of the 
spacing and the degree of separation of the 
carbide grains. Since impact fractures tend to 
initiate in and propagate through the brittle 
carbide phase, a structure of isolated  well- 
rounded carbide grains will have a higher impact 
strength than a structure with angular coalesced 
grains. The micrograph on the left of Fig. 1 
shows a representative structure indicative of 
low Impact strength, where an almost continuous 
path may be traced through the carbide phase 
an impact strength more than double can be 
achieved by a structure containing more dis 
persed and isolated carbide grains such as that 
shown at the right 

Unfortunately, the stress-to-rupture properties 
tend to decrease with decreased carbide concen- 
tration within certain limits, as shown in Fig. 2 
The shape of the titanium carbide grains does 
not seem to affect the stress rupture properties 
but there is evidence that the strength decreases 
with excessive separation. There are also indi 


cations that with the higher carbide concentra- 
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x 1000 


Stress, Psi 


55 65 
TiC, % by Volume 


Fig. 2— Effect of Titanium Carbide 
Content on Stress to Produce Rupture 
of Cermet in 100 Hr. at 1800° | 


tions required for high-temperature stress-rupture 
strength there is a marked tendency for coales 
cence of the grains which appears incompatible 
with the degree of carbide grain isolation neces- 
sary for high impact strength. Thus the achieve 
ment of adequate toughness, that is, impact 
resistance coupled with strength and ductility at 
various temperature levels up to and above 
1S00° F., bee omes \ irtually impossible homeo 


geneous cermet of the type under consideration 
Graded Components by Infiltration 


The problem of combining high impact 
strength with high stress-to-rupture strength may 
however, not be as formidable for an actual 
turbine component if the high impact and high 
strength properties, respectively, are placed into 
those areas where they are most required that 
is, in a suitable graded structure. For example, 
the airfoil section of a bucket with a thick dimen- 
sion in the central area which tapers out to thin 
leading and trailing edge sections could consist 
of such a graded carbide structure. The heavy 
load-bearing central sections near the root re- 
quire primarily high stress rupture strength to 
withstand the centrifugal force cause by the 
rotating wheel but need not have the optimum 
nm impact strength since there is enough mass to 
resist impact fracture, a high carbide concen 
tration may therefore be advantageous. On the 
other hand, the thin leading and trailing edges 
should possess the highest possible ductility be 
cause the re is only an extreme ly small amount of 
mass available to bolster these sections avgamst 
dynamic stresses and impacts caused by foreign 


particles, Since the edge sections are not re 
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quired to carry as heavy a load as the central 
portion, their structure may incorporate well- 
separated carbide grains with a corresponding 
reduction of stress-rupture strength. 

The pores of titanium carbide skeletons can 
be filled with concentrations ranging from below 
50 to above 80% by volume so that an infiltrated 
product with a graded carbide concentration can 
be produced readily. A graded skeleton can, 
for example, be formed within certain practical 
limits by pressing a billet with a higher density 
at the center, by varying the die fill, or by varying 
the molding pressure in selected portions. After 
presintering, the billet is machined into a turbine 
bucket shape whose leading and trailing edges 
will have a substantially lower carbide density, 
and this concentration gradient will be main- 
tained after infiltration. 

The graded carbide structure can also be 
achieved to a certain degree on a shaped product 
even when the skeleton is of uniform density. 
With a selected carbide particle size and proper 
control of the infiltration mechanism, the edges 
and other high-energy areas of a blade skeleton 
tend to be infiltrated preferentially with a greater 
amount of molten metal contacting the surface 
than the central areas of the skeleton. Due to this 
predominance of the liquid metal in the outer 
areas, a dispersion and separation of the carbide 
grains is preponderant at the edges. This 
mechanism is also operative, though much less 
effectively, at the faces of the airfoil shape. 

Nozzle vanes produced with a highly dispersed 
carbide structure at the edges withstood a bal- 
listics impact test at the trailing edge without 


Fig. 3 — Ductile Failure of Infiltrated 
Cermet Nozzle Vane in Ballistics Test 


exhibiting the brittle-type failure characteristic of 
conventional cermet materials. The result of a 
The failure 


at the trailing edge indicates that considerable 


ballistic impact is shown in Fig. 3. 


plastic deformation occurred, and there is no sign 
of crack propagation through the less ductile 
central sections of the airfoil. 


second important effect achieved by the 


Fig. 4—Bond Between 
Metal-Enriched Surface Film 
and Body of Cermet Com 
ponent Unetched. 200 
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Fig. 5 — Effect of Surface Film Thickness on 


Impact Strength of Titanium Carbide Cermet 


infiltration process is the integral attachment of 
a metallic surface film to the carbide body. This 
metal-enriched surface film is merely an extension 
of the alloy phase of the infiltrated structure and 
it is saturated with titanium carbide. Since it is 
produced as an integral part of the carbide 
body, there is no evidence of a parting line on 
separation at the transition zone. The structure 
and bonding of the metal-enriched surface film 
to the base structure are shown in Fig. 4 


\ variation in thickness of the surface film 


has a marked effect on impact resistance. This 
was established in a series of impact tests of 
samples 3/16 * 3/16 in. which had been cut 


and ground from infiltrated rectangular bodies 
SO that one face would have a metal enriched 
layer. The specimens so produced were tested 
with the metal-enriched face of the bar placed 
in the tension fiber on a pendulum Charpy im 
pact machine using a 50-in-lb. pendulum hammer 
and a span of 1.050 in. The results are shown in 
A surface film of 0.006 to 0.010 in 


than doubled the inpact resistance, and a film 


Fig more 
about 0.025 in. thick increased the impact resist- 
in-lb. This 
to the plastic 


deformation achieved at the metal-enriched sur 


of about 
attributed 


ance fourfold to a value 
improvement may be 


face which greatly reduces the tendency for 
crack propagation into the core of the test bar. 

It is apparent that this method of improving 
impact resistance may be used to great advantage 
in high-temperature engine components si h as 


buckets and nozzle Critical areas 


turbine 


vanes 
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subject to ballistic impact, such as the leading 


and trailing edges of the airfoil, may be made 


apprec iably more ductile by a metal-enriched 


layer or encasement, 
Metal-Enriched Airfoil Encasements 


Infiltrated turbine buckets have been produced 
on a pilot plant production basis with a metal 
enriched surface closely controlled to a thickness 
ranging between approximately 0.010 and 0.030 
in. at the leading edges, 0.020 and 0.060 in. at 
the trailing edges and 0,002 and 0.010 in. on the 
Metallic 


been 


concave and convex faces of the airtoil 
layers of thickness 


achieved experimentally by careful control of 


even greater have 


the infiltration variables. For example, a porous 
laver of refractory carbide and alloy powder 
was applied to a titanium carbide skeleton in 
preferred areas prior to insertion in the invest 
Upon infiltration of the skeleton, the 


porous surface layer was co-infiltrated and then 


ment mold 
dissolved by the molten infiltrant, resulting in a 
metal-enriched surface layer of extensive depth 
Coupled with the noticeably improved impact 
resistance is an equally significant enhancement 
of the high temperature oxidation resistance of 
the metal-enriched casing as compared to the 
The ce pth of pene 
ifter 24 In 
exposure at 1800° F. was found to be reduced to 
about one-fifth 


significance is the observation that the Impact 


unprotected carbide body 
tration of oxide in the metal film 
What appears of even greater 
resistance remained at the original level, as con 
trasted to unprotected titanium carbide com 
posites where it was often found nearly deci 
mated by such treatment. Moreover 
exper ted that, thanks to the better ductility of 
the the 
fatigue and thermal shock resistance of the in 
filtrated 


greatly enhanced 


it may be 


metal-enriched high-temperature 


titanium carbide products would be 


By forming a continuous frame-like structure 


around the edges and an encasing envelope 


around the convex and concave faces of the air 
foil, a serious shortcoming of present titanium 
carbide-hase turbine component might readily 


be overcome Engine tests have hown that a 


catastrophic failure of a turbine wheel often will 


result from the impact fracture of one cermet 
bucket, | pon impact, the bucket shatters and 
the flving fragments in turn hit the other cermet 
buckets on the wheel and cause them to shatter 
With the incorporation of a ductile metal 
envelope in the design of the bucket. ine ipient 


cracking on inipact of the critical reas 
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would be greatly minimized. If it did occur, the 
fragments would be restrained and held together 
in much the same way a picture frame will pre- 
vent a cracked glass from falling out. 

The second serious type of premature cermet 
bucket failure in engine tests occurs in the roots 
across the fir-tree serrations or the modified 
dovetails, Such failures indicate that the stresses 
in this area are greatly aggravated by the method 
of attaching the brittle component to the turbine 
disk. Normally, the ductile root of conventional 
metallic buckets with fir-tree serrations allows 
for stress equalization and plastic deformation 
due to stress raisers caused by misalignment 
Again, the precision infiltration process appears 
to be the logical answer to the production of 
titanium carbide buckets having a root that con- 
sists cither partially or entirely of the ductile 
strong superalloy. By application of the prin- 
ciples outlined for the formation of the metal- 
enriched airfoil encasement, it is also possible to 
form a large metal section at the root by an exten- 
sion of the infiltrant phase of the structure. 
An experimental ]-47 turbine bucket with metal- 
enriched encasement around airfoil and machined 
serrations in the metal-enriched root is shown in 
Fig. 6 alongside. 


Outlook for Infiltrated Components 


Graded titanium carbide-base turbine buckets 
and nozzle vanes should perform satisfactorily 
in jet engines under normal conditions of opera- 
tion involving the relatively moderate stresses 
and temperatures mentioned earlier. However, 
there still exists the question of technical and 
economic attractiveness of a product of this type 
which must be proven to the satisfaction of the 
jet engine builder before mass production of the 
component can be contemplated. 

Improvements in the — high-temperature 
strength of certain superalloys, especially by 
vacuum melting, make it almost mandatory that 
cermet-type components perform up to a tem- 
perature neticeably above that of the latest 
superalloys aeveloped — that is, certainly above 
1800° F. and preferably up to as high as 2000° F. 
in the hottest aveas of nozzle vanes and bucket 
airfoils, Naturally, they would have to perform 
equally satisfactorily at any intermediate temper- 
ature that would be encountered during heating 
and cooling. 

It is the authors’ conviction that the graded 
component of the type and structure producible 
by the infiltration technique will answer this re- 
quirement, possibly constituting the only prac- 
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Fig. 6 — Infiltrated Titanium Carbide Bucket With 
Metal-Enriched Encasement Around Airfoil and 
Machined Serrations in Metal-Enriched Root 


tical solution to the problem. If care is taken that 
the metal-enriched encasement around airfoil and 
root is not impaired by the diffusion .of em- 
brittling elements, it should be possible to in- 
crease, by suitable addition to the titanium 
carbide, the intrinsic strength and oxidation re- 
sistance at elevated temperatures. Not only 
additions of other carbides, but also borides and 
silicides, may serve this purpose. As a result, 
a complex titanium carbide-bearing base struc- 
ture may be developed which, when infiltrated 
and encased with the best present superalloys, 
will yield jet engine turbine components useful 
in the super high-temperature range. i) 
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Fe-Al-Mo Alloys 


or 


High-Temperature Use 


By J. F. NACHMAN and W. J. BUEHLER* 


The light weight, excellent oxidation resistance and 
high strength at elevated temperatures of 
iron-aluminum-molybdenum alloys indicate their potential utility 


as replacements for iron-chromium and 


L, IRON-BASE ALLOYS, aluminum improves 


the resistance to oxidation more effectively than 
equivalent amounts of chromium. It also in 
creases high temperature strength and decreases 
the density of such alloys. The combination of 
good properties and light 
weight indicates that the iron-aluminum alloys 


high temperature 


should be useful in such demanding applications 


as blades in the final stages of axial-flow com- 


*Both authors were with the Magnetics Division 
U.S. Naval Ordnance Laboratory, Silver Spring, Md., 
when this article was pre pared Mr. Nachman is now 
research metallurgist, Denver Research Institute 
Denver, Colo 
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iron-chromium-nickel alloys. (SG-h) 


pressors and as skins for missiles and ultra high- 
speed aircraft. 

The Thermenol alloys which contain 10 to 18% 
aluminum and 2 to 4% molybdenum have been 
studied extensively by the Naval Ordnance Lab 
oratory to determine their 
limitations. The 


potentialities and 
indicated that 
Thermenol may replace Type 403 stainless steel 


investigation 


as compressor blading and can possibly be sub- 
stituted for higher alloy steels used in high-tem 
perature service such as industrial furnace hard- 
ware. The alloys have relatively low ductility at 
room temperature but the ductility 
rapidly at temperatures above 800° F. 
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The mechanical properties of Type 403 and 
a Thermenol containing 16.57% aluminum, 3.5% 
molybdenum and 0.06% carbon are shown in Fig. 
1. It is apparent that below 800° F., Type 403 is 
superior but that Thermenol has better properties 
at higher temperatures, The increase in both 
ductility 


y and strength of Thermenol may be 
attributed to an order-disorder transformation. 


The low density of Thermenol (0.24 Ib. per 


cu. in.) makes its strength-weight ratio superior 
a ee Type 403 to many common aircraft structural materials at 
100 intermediate temperatures, as shown in Fig. 2. 
— — \ Above 450° F., its strength-to-weight ratio is 
8 sol- ~~ better than that of 17-7 PH, a precipitation hard- 
Thermenol >», ening stainless steel currently considered one of 
4 the more promising aircraft materials. 
Viel! Strengfh The excellent high-temperature oxidation 
ye resistance of the iron-aluminum alloys has been 
recognized for some time. The Thermenol alloys 
20 have an oxidation resistance superior to all other 
known high-temperature alloy systems. The 
addition of 3% molybdenum to an alloy contain 
100 ] f if ing about 16% aluminum was not found to be 
| ing detrimental in any way to the oxidation resist 
80 Type 403 Stainless Steels ance. At 2200°F. the oxidation rate is only 0.0003 
in. per year. Some castings have been heated in 
air to temperatures as high as 2500° F. for several 
Pa | Repuction pf Area hours without any perceptible damage due to 
40 y | oxidation, This superior resistance to oxidation 
——- can be attributed to the stability of the tightly 
20 adherent oxide coating which is formed upon 
Thermeno! | the surface of the alloys when exposed to 
0 400 300 1000 7200 oxidizing conditions. 
Comparative tests were conducted the 
Naval Engineering Experiment Station to study 
Fig. 1 ~Mechanical Properties of Ther the effects of vanadium-induced accelerated 
and 103 oxidation upon Thermenol and 25-20) Cr-Ni 
(Cour tomipson roducts, me.) 


stainless steel at 1600° F. The results of these 
tests are shown in Fig. 3. It can be concluded that 
Thermenol is roughly twice as resistant to 
V.O,; attack as the 25-20 stainless steel. 

A few qualitative experiments were carried 
out at the Naval Ordnance Laboratory to deter- 
mine the effect of powdered zinc upon Ther 
menol at bright red temperatures. No deleterious 
effect could be detected on either the oxidized 
or cleaned surface. Stainless steel treated in a 


similar manner is severely attacked 


0.8 T 


0.6 


RC 130A 


Thermeno! 


0.4 


A.E. 4340 


0.2 


Strength Weight Ratio x 10° 


Fig. 2 


(Courtesy Glenn L. Martin Co.) 
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The resistance of Thermenol to the corrosive 
attack of highly oxidizing solutions is excellent. 


Its resistance to fuming nitric acid used as rocket 


fuel has been reported to compare favorably 


with the noble metals and higher cost alloys. 
Sodium hydroxide solutions in all concentrations 
were found to have a negligible effect upon 
Thermenol. Solutions of organic acids and con- 
centrated ammonium hydroxide were also with- 
out effect. On the other hand, solutions of ferric 
chloride and hydrochloric acid are quite corro- 
sive. A severe pitting type of corrosion was found 
to occur with ferric chloride solutions 
Qualitative tests showed that Thermenol is 
fully resistant to foods and food products as, 
for example, grapetruit, lemon, onions, tomatoes 


meats and the 


common vegetables. This resist 


ance to corrosion and its abililty 


to maintam a 
sharp edge immediately suggest the use of 


Thermenol for cutlery and other kitchen ware. 


No corrosive effect was noted on Thermeno! 
exposed to a boiling 40% solution of magnesium 
chloride for 96 hr. In this respect its corrosion 
resistance is equal to that of Types 302 and 430 
stainless steels 

There is considerable disagreement between 
individual laboratories regarding the resistance 
of Thermenol to salt spray. The results of recent 
tests have shown that Thermenol is more resistant 
to salt spray than heat treated Type 403. The 

_corrosive attack on Thermenol is general whereas 
the stainless steel is pitted severely 


Formability of Thermenol is ce pence nt upon 


Fig. 4 
Forged at 1200° F 
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Fig. 3—Oxidation Rates in Vanadium 


Bearing Atmospheres at 1600° KF. for 
Thermenol and 25-20 Stainless Steel 


ductility and is affected to a great extent by the 
Sharp 90° bends can be obtained 
readily on 0.020-in. thick sheet in a cold rolled 


and a recrystallized condition if the forming is 


tk mperature 


conducted at temperatures of about 570) and 
iSO’ 
operations can be carried out at room tempera 
ture if the sheet is not too thick. Sheet up to 
0.040 in. in thickness has 
sheared at room te mperature, Temperatures of 
F 


punching operations thicker 


respectively. Shearing and punching 


been essfully 


about been used for shearing and 
sheet. More 
complex forming operations require higher tem 


have 


peratures For instance parts have been success 


Thermenol Duct Halves Drop Hammer 
Courtesy Glenn L. Martin Co 
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fully hand formed at 1000° F. 
and dimpled at 900° F. Some 
formed parts are shown in 
Fig. 4 and 5. Note that these 
temperatures correspond to 
the range of temperatures at 
which maximum ductility oc- 
curs. Recent work at the 
Naval Ordnance Laboratory 
indicates that 

improvement — in 


considerable 

room-tem- 
perature ductility of 
may be possible. 

All machining 
operations of turning, thread 
ing, drilling, milling, shaping 
and tapping can be satisfac 
torily 


sheet 


ordinary 


performed on Ther 
menol if sharp tools and slow 
speeds are employed, Since 
the alloy work hardens very 
rapidly, excessive speeds 
should be High 


speed steel and carbide tools 


avoided, 


have been found to perform 
equally well. Satisfactory re- 
sults have been obtained with 
surface speeds of 20 to 40 ft. 
per min, and a depth of cut of 
% in, or less. The surface finish 
is, in general, dependent upon 


Fig 
1000° 


the grain size, the finer- 
graine material producing 
the best results, 

Because of the low heat conductivity of these 
alloys, grinding tends to produce local over- 
heating and leads to the formation of fine hair- 
line cracks. These propagate upon subsequent 
hot working. To eliminate this condition, suitable 
grinding wheels and coolants must be used. 
Thermenol has been ground successfully using 
small feeds on the order of 0.0005 in. More rapid 
grinding is possible with a mixture of sulpho 
chlorinated fats and mineral oil as coolant. 


Summary 


1. The physical and mechanical properties of 
Thermenol show its possible suitability for use 
in jet engine compressor blades. In this capacity 
it compares favorably with Type 403. stainless 
steel, In addition, Thermenol displays superior 
stress-rupture strength, damping capacity at high 
stress levels, resistance to salt spray corrosion 
and it is 15% lighter in weight. 
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Thermenol Section Hand-Formed at 
FF. (Courtesy Glenn L. Martin Co 


2. On the basis of strength-to-weight ratio, 


Thermenol sheet in a cold rolled condition shows 
better strength properties at temperatures above 
150° F. than many of the common aircraft 
structural materials, including 17-7 PH stainless. 

3. Unlike most other alloys, the strength of 
Thermenol does not decrease rapidly with an 
increase in temperature. The strength up to 
about 1000° F, constant and, 


in fact, shows a slight increase in a certain range 


remains almost 
of temperatures, This phenomenon is apparently 
related to an order-disorder transformation. 

1. Corrosion resistance of Thermenol to 
common chemical solutions is good. It is fully 
resistant to oxidizing solutions, to organic acids 
and to food products. Resistance to oxidizing 
and sulphur-bearing atmospheres at elevated 
temper ratures is excellent. 

5. Parts may be formed from sheet stock by 
warming the material prior to forming. 3 
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Properties of Titanium 


Melted Under High Vacuum 


By R. L. FOLKMAN and M. SCHUSSLER* 


The ductility and notch toughness of titanium melted under 
vacuum pressures in the low-micron range are appreciably 


better than those of titanium melted under the usual 


V... UM MELTING in either induction or 
arc furnaces improves the physical and mechani- 
cal properties of many ferrous and nonterrous 
alloys by removing volatile impurities and mini- 
mizing contamination by hydrogen, nitrogen and 
oxygen. Titanium alloys must be melted under 
vacuum or inert atmosphere because they are 
so reactive, and they are now the major product 
of vacuum arc-melting furnaces, 

Recently, a trend toward lower furnace pres- 
sures for titanium melting has become apparent 
low-millimeter 


and furnace pressures in the 


range are now being used successfully.  Pres- 
sures in the low-micron range are generally not 
used in commercial production but our studies 
have indicated that such high-vacuum melting 
can improve appreciably the properties of 


wrought titanium. Single-melted ingots of 
titanium, semicommercial in size, show signifi- 
cantly less contamination during melting and 
melted 


under pressures in the low-micron range than 


lose much more hydrogen gas when 
ingots which had been melted under reduced 
pressures of 300 to 400 mm. The ductility and 
notch toughness of mill products prepared from 
the high-vacuum melted ingots are significantly 
improved. 

The titanium sponge employed for these 


studies was prepared by the sodium reduction 


process in the prototype production unit of the 
Electro 


Metallurgical Co., and represented 
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vacuum pressure in the low-millimeter range. (C 25, Ti) 


sponge samples selected to cover a broad range 


of composition and hardness, Laboratory melt- 


ing was conducted in a consumable-electrode 


2 & 2-in. cold pressed and 


are furnace employing 
Direct current 
up to 1500 amp. and 60-cycle alternating current 


up to 3000 amp. are supplied to the furnace from 


welded consumable clectrodes 


d-c. selenium rectifiers and a-c. welding trans 
Melting rates from 60 to 


200 Ib. per hr. were attained, depending on the 


formers, respectively, 
power input. Water cooled copper crucibles, 4 
or 6 in. ID, were employed, permitting ingot 
weights up to 100 Ib., although 10 to 30-Ib. ingots 
were usually made for laboratory studies. The 
vacuum system consists of a KS-600 two-stage 
oil ejector diffusion pump backed by a KD-220 
mechanical pump 

in diameter and 
weighing between 300 and 400 Ib 


in the high-vacuum consumable-clectrode are 


Semicommercial ingots, 9 in 


were melted 


melting furnace which was developed and oper 
ated by the Climax Molybdenum Co, of Michi 
gan. The installation has an automatic continu 
ously forming, consumable-electrode mechanism 
and alternating current is « mplor ed for melting 

Plate was prepared by forging the ingots, aftes 
scalping to a 2-in. thick slab, beginning at 
1650° F. and finishing at 1300° F. The slab was 


spot ground, then hot rolled to “in plate, be 


* Development Metallurgists 
cal Co., Niagara Falls, N.Y 


Electro Metallurgi 


111 


Table 1 — Effect of Furnace Pressure on Composition of Titanium Sponge 


CARBON 


Average sponge composition 0.040 
Ingot melted under 5 to 604 pressure 0.037 

Change in high-vacuum melting 0.003 
Average sponge composi tion 0.047 
Ingot melted under 300 to 400 mim. pressure 0.045 


Change in reduced pressure melting 0.002 


Oxycen NirrocGen Hyprocen 
0.09 0.006 0.0150 
0.125 0.006 0.0032 
0.035 O.O118 
0.096 0.0085 0.0141 
0.148 O.OLO5 OOLL7 
0.052 0.002 0.0024 


ginning at 1400° F, and finishing at 1100° F. The 
plate was annealed for 1 hr. at 1300° F. and 
air cooled, 

After grit-cleaning and descaling by grinding or 
pickling, sheet was prepared by hot rolling the 
plate to 0.063 in, beginning at 1400° F. and finish 
ing at 1100°F. The hot rolled sheet was grit- 
Cleaned, annealed for 20 min, at 1300° F., air 
cooled, grit-cleaned and pickled in 17% aqueous 
hydrofluoric acid to remove 0.003 in. 

The 300 to 400-lb. ingots from the semi-com- 
mercial heats were worked in commercial mill 
shops to plate and sheet, using procedures similar 
to those described above. 

Although the comparative chemical analyses 
of ingots melted under pressures in the milli- 
meter range and the low-micron range fail to 
disclose any marked differences nm the levels of 
carbon, oxygen and nitrogen, trends are certainly 
indicated. The changes in analyses from sponge 
to ingot are summarized in Table I. 

The data indicate slight carbon reductions 
with both furnace pressures. Lower levels of 
oxygen and nitrogen contamination were ob 
tained with the high-vacuum melts, and of course 
a much greater degree of hydrogen reduction 
resulted from melting in the low-micron range. 
The relation between ingot hydrogen contents 
and furnace pressures employed in this work is 
shown in Fig. |. It is of interest to note that the 
ingot hydrogen values of less than 50 ppm. are 
relatively independent of the charge hydrogen 
contents which range from 70 to 220 ppm. 

From theoretical considerations, the vapor 
pressure of a gaseous constituent such as hydro- 
gen in the melt is a function of bath temperature 
and the quantity of gas in the melt. If the total 
pressure above the bath is greater than the vapor 
pressure of the gas in solution, removal of the 
gas occurs by a diffusion mechanism until an 
equilibrium is established between the partial 
pressure of the gas above the melt and the 
amount of that gas in the melt. Such a process 
may result in a gaseous boundary layer between 


the melt surface and atmosphere which tends to 
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slow down the rate of removal of the gas. On 
the other hand, if the total pressure above the 
bath is less than the vapor pressure of the gas 
in the melt, removal of the gas occurs by a boil 
ing mechanism which produces much higher 
rates of gas removal. 

Further confirmation of the higher ingot purity 
achieved by melting in the micron range rather 
than in the millimeter range is shown in Fig. 2. 
This plot relates the hardness values determined 
on ingots to the “button” hardness values used to 
characterize the sponge. Button hardness values 
were measured on 50 to 100-g. buttons prepared 
according to accepted industrial procedures for 
tungsten are-melting of representative sponge 
compacts under inert atmosphere. All hardness 
values representing reduced pressure melts may 
be seen to fall above the hardness values repre 
senting high-vacuum runs (less than 60 ».) The 
difference ranged from Brinell 5 to 25 for ma- 
terial of equal button hardness. 

The results may be interpreted in two ways: 

1. High-vacuum melting results in less con- 
tamination of the sponge than the button melting 
procedure which employs higher pressures. 

2. High-vacuum melting produces a higher 


degree of purity in the melt by removing trace 


Fig. 1 — Effect of Melting Furnace Pressure 
on Hydrogen Content of Titanium Ingots 
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Fig. 2— Relation Between Hardness of Titanium 
Sponge and Ingot as Influenced by Furnace Pressure 


elements of high vapor pressure, or by promoting 
deoxidation-type reactions, or both. 

Most of the data point to the former interpre- 
tation since the hydrogen removal and slight 
carbon reduction noted with the high-vacuum 
melts could not account for the hardness decre- 
ments noted, Further, spectrographic analysis 


Fig. 3—Effect of Furnace Pressure on 
Mechanical Properties of Titanium. Solid 
lines are for high-vacuum heats; the dotted 
lines represent reduced-pressure heats 
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has failed to reveal any significant changes in 
trace metallic elements between sponge and 
ingot. However, in the light of the high vapor 
pressures of some trace elements and because of 
the difficulties encountered in sampling and 
analyzing these elements in trace quantities, the 
second interpretation of the facts may not be 
completely ruled out. 

Titanium sponge is characterized in commer- 
cial practice by relating the mechanical prop- 
erties of wrought products to the sponge hard- 
ness. The mill producer can then predict and 
control the mechanical properties of mill prod- 
ucts produced from a given sponge blend. The 
relationship of tensile properties of mill products 
to sponge hardness is used herein to demon- 
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Fig. 4 — Impact Strength of High-Vacuum Melted 
Titanium at Room Temperature and —320° F 


strate improvements in tensile properties associ- 
ated with high-vacuum melting. The tensile 
properties of wrought plate obtained from ingots 
melted under high vacuum (less than 60 ») and 
reduced pressure (300 to 400 mm.) are com- 
pared in Fig. 3. 

The curves representing properties of plate 
prepared from the reduced-pressure melts were 
derived from data obtained on 10 and 90-lb. 
heats which were single-melted from consumable 
electrodes under 300 to 400-mm. furnace pres- 
sure. The curves representing the high-vacuum 
melted material were obtained on the 300 to 
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Table Ll — Tensile Properties of Titanium Sheet Made From High-Vacuum Melts 


SAMPLE 
Plate, annealed | hr. at | 300° F. 
Sheet, cold reduced 88% to 0.06 in., as rolled 
Sheet, cold reduced 88%, annealed at 1300° F. 
Sheet, cold reduced 94% to 0.03 in., as rolled 
Sheet, cold reduced 94%, annealed at 1300° F. 


Sheet, hot rolled to 0.06 in., annealed at 1300° F. 


OF SPONGE STRENGTH STRENGTH TION 
111 $6,600 psi. 55,000 psi. 43.0% 
125 42,000 62,500 37.0) 
111 94,700 116,300 12.5 
125 101,600 125,200 15.0 
1) 32,000 53,400 42.0 
125 34,600 54,600 38.0 
111 101,600 124,500 9.0 
125 100,700 126,500 10.0 
32,200 53,700 36.0 
125 34,300 54,600 37.0 
Hl $5,000 55,500 39.0) 
39,000 61,800 34.0 


400-Ib. heats which were single-melted under 
pressures ranging from 20 to 60 yp. 

The linear relationship between strength and 
hardness and the nonlinear decrease in ductility 
with increasing hardness is characteristic of 
material melted by both methods. However, 
it should be noted that the data representing the 
high-vacuum melted titanium show gains in ten- 
sile ductility of 10 to 15% accompanied by slight 
decreases in strength at lower hardnesses, and 
that the data for the reduced-pressure melted ma- 
terial correlate well with data obtained on full- 


Table Ill — Effect of Aging on Impact Strength of 
High-Vacuum-Melted Titanium 


Impact STRENGTH* 
TREATMENT 

320° F. 
Annealed 108 130 
Aged at 210° FP. for | hr. 112 136 
Aged at 210° F. for 16 hr. 114 136 
Aged at 210° F. for 100 hr. 127 128 
Aged at 210° F. for 1000 hr. 125 | 113 
Aged at 570° F. for | hr. 126 124 
Aged at 570° F. for 16 hr. | 123 133 
Aged at 570° F. for 100 hr, | 130 
Aged at 570° F. for 1000 hi 120 127 


«Average of two standard V-notch Charpy tests; ft.-Ib. 


sized commercial ingots melted from sodium- 
reduced sponge. 

The low levels of ingot contamination and 
resulting improvements in ductility contribute 
to improvements in the formability characteris- 
tics of wrought products prepared from the high- 
vacuum melted ingots. The tensile properties 
obtained on cold rolled, and cold rolled and 
annealed samples representing two of the semi- 
commercial heats high-vacuum melted, from 


114 


sponge of Brinell 111 and 125 are listed in 
Table Il. For comparative purposes, tensile 
properties are shown representing the original 
plate material in the mill-normalized condition, 
and finally 0.06-in. sheet which had been hot 
rolled from the plate and annealed. Both 88 
and 94% cold reduction passes were made with- 
out intermediate anneals and were accomplished 
with little, if any, edge checking. 

Impact data obtained on annealed plate from 
semicommercial-sized ingots melted under high 
vacuum from six different lots of sponge of 
different hardness levels are shown in Fig. 4. 
At room temperature and at —320° F., impact 
values in excess of 100 ft-lb. are obtained on 
high-vacuum melted titanium up to sponge hard- 
ness values of about Brinell 140 (equivalent to 
50,000 psi. yield strength in the plate.) In addi- 
tion, the absence of a transition temperature in 
all of these tests also indicates the excellent notch 
toughness. Comparative impact strength values 
for material processed from reduced-pressure 
heats range up to about 50 ft-lb. 

Significant deterioration in notched-impact 
properties of commercially pure titanium can 
occur when the material is aged at room tem- 
perature for times up to 700 or 800 hr. Samples 
representing one of the high-vacuum melted 
300 to 400-Ib. heats were aged at 210 and 570°F. 
for times up to 1000 hr. to accelerate any aging 
effects that might occur, then were tested for 
impact strength. This study was conducted to 
determine the effect of the relatively low level of 
interstitial elements resulting from the high- 
vacuum melting on notch-impact properties 
after prolonged aging. The results of this test, 
summarized in Table III, show that no apparent 
aging effect occurs with times up to 1000 hr. at 
temperatures up to 570° F. So 
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Heat Treating Instructions 


toolsteels have been sold 
by brand name and only in recent years has a 
serious attempt been made to classify them with 
a standard identification system. Consequently, 
information on heat treatment is usually available 
on the basis of brand name only and is supplied 
by the respective producers in the form of a 
handbook, booklet or bulletin. 

This method of providing information about 
the characteristics of different kinds of toolsteel, 
and the correct practice to follow in heat treat- 
ing them, was and still is quite acceptable under 
certain circumstances. Unfortunately, many 
small users, because of their limited or infrequent 
purchase of toolsteel, do not have the necessary 
reference books to consult and consequently have 
nothing to turn to for guidance in heat treating 
the steel. 
appointed in a toolsteel occasionally, not so 
much because the steel was faulty but because 
the system for conveying information about it 
was poor. 

It was just such a situation as this that 
prompted Ryerson to develop an individual data 
sheet for each of its different kinds of toolsteel, 
to be sent to the customer along with the steel. 
The plan was to show the hardenability of the 
steel in the form of a curve giving the average 
hardness reading. It was believed that this 
would accomplish the objective of making avail- 
able with each shipment of toolsteel, all needed 
information concerning its hardenability. 

The Jominy test was and still is used success- 
fully to provide customers with heat treating 
directions for each lot of alloy steel which they 
receive. Because of our successful experience 
with this system, we attempted te find a similar 
kind of hardenability test which would provide 


Many of these users have been dis- 


the necessary information for toolsteel in the form 
of a curve. Unfortunately, because of the effect 
of mass and other factors which influence hard- 
enability, it proved impractical to prepare an 
instruction sheet which included such a hardness 
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for Toolsteel! 


By WILLIAM P. LOEHRER* 


An instruction sheet 

accompanying each shipment 

of toolsteel has eliminated 

heat treating difficulties 

for small-volume users. (J general, TS) 


curve. The use of a curve tended to make the 
sheet complicated and difficult to comprehend 
by the type of user the instructions were in- 
tended to help. 

A simpler and much more satisfactory method 
was a hardness chart which gives the hardness 
as quenched and the quenching temperature 
required for each size of cross section, The 
different 
tempering temperatures is also listed. Working 
temperatures are shown for quenching, anneal- 
ing, forging and normalizing, and recommended 
practices are also provided for quenching and 
annealing. 


hardness attained at a number of 


To assure positive relationship be- 
tween the steel shipped and the instruction sheet 
pertaining to it, the customer's name, order 
number and date, and the identification color 
painted on the steel are included on the sheet. 

In metropolitan areas in which Ryerson steel 
service plants are located, the appropriate in- 
struction sheet is sent with the steel as it is 
delivered by company truck. In other areas, the 


sheet is mailed to the person previously desig- 
Usually this 
person is the man charged either with the 
responsibility of heat treating the steel on the 
premises or with sending it to an outside shop 
for treatment. 


nated to receive such information 


In use for approximately six years, the heat 
treating instruction sheet has resulted in a much 
improved supplier-customer relationship. It 
takes the guesswork out of heat treating tool- 
steel, by providing reliable, on-the-spot informa- 


tion in readily understandable form. oe 


*Manager, Alloy and Stainless Steel Sales, Joseph 
T. Ryerson & Son, Inc., Chicago. 
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Multiple Crucible 
Are Melting Furnace 


Lemont, ILL. 


An arc furnace for the melting of buttons of 
refractory alloys contains several unique fea- 
tures. Seven different alloys can be melted in 
one charging cycle. As seen in the diagram, the 
furnace is approximately 12 in. diameter and 27 
in. high. Seven crucibles, 1 in. diameter by 0.5 
in. deep, are machined in a circular copper pad, 
equally spaced around a 3.62-in. diameter. The 
copper pad is the top of a water chamber, a 
rubber O-ring providing a watertight seal. 

The central body of the furnace is a double- 
wall stainless steel cylinder, 6.755 in. inside diam- 
eter by 7.93 in. high. The bottom end is welded 
to a stainless steel flange, the top to a stainless 
steel ring, both of which close the channel formed 
by the double walls and through which cooling 
water is circulated, This protects the connections 
to vacuum and inert gas supply and the quartz 
viewing window through the side. The bottom 
flange is screwed to the copper pad containing 
the molds. Rubber O-rings provide a vacuum 
tight seal between the component parts. 

The furnace cover is a stainless steel plate, 
7 in. diameter by 0.625 in. thick. Screwed to it are 
lucite electrode supports (which also serve as 
an electric insulator ), two viewing windows, and 
three handles. The position of the electrode sup- 
port is such that its vertical axis traverses (upon 
rotation of the cover) the same circle which 
locates the crucibles. Note the rubber O-rings 
providing a vacuum seal around the cover plate, 
a design which allows complete rotation of the 
cover, moving the electrode from one crucible 
to another, The cover is held down by a brass 
retaining ring screwed to the top ring of the 
central body. 

The electrode assembly consists of a copper 
tube with a central water channel and an annular 
return. Mid-length is brazed a 3.5-in. brass sleeve 
with threaded exterior, fitting into an aluminum 
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adjusting screw insulated with lucite. In oper- 
ation the bottom end of the adjusting screw rests 
on a spherical surface of a brass nut attached to 
the lucite support, so the screw can raise or 
lower the electrode assembly. There is enough 
clearance and movement in a modified Wilson 
seal arrangement so the tungsten tip can be re- 
volved in a l-in. circle, assuring that the arc 
can play over all parts of the charge. 

A Lincoln welding generator operating on a 
3-phase 220-volt current is the power source. It 
is capable of developing slightly in excess of 500 
amp. direct current. Most melting is done within 
the range of 200 to 400 amp. at 15 to 20 v., and 
is adjusted as needed during melting. A high- 
frequency spark unit is used to start melting thus: 

(Continued on page 118) 
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jn The 
CHROMIUM - NICKEL - MANGANESE 
STAINLESS STEELS 


ELECTROMET offers a variety of alloys designed to suit your specific needs 


carbon max, 


Simptex low-carbon ferrochrome—chromium 63 to 66°;, 
0.010% or 0.025°7. 


Low-carbon ferrochrome —chromium 67 to 71°), ten carbon grades 
from 0.02 to 2°), max. 


Medium-carbon ferrochrome—chromium 66 to 70°), carbon 2.25 to 3%. 


for CHROMIUM 


High-carbon ferrochrome — chromium 65 to 70°,, five carbon grades 
from 4.5 to 7% 


Low-chromium, high-carbon ferrochrome—chromium 57 to 64°/, car- 
bon 3.5 to 5%. 


“EM” ferrochrome-silicon—chromium 39 to 41°/, silicon 42 to 45°%, 
carbon max. 0.05°;. 


Smp.ex nitrogen-bearing, low-carbon ferrochrome—in 2‘, and 5°, nitro- 
for gen grades, containing 62 to 65°%, chromium and 60 to 63° 


chromium respectively. 
NITROGEN 


Nitrogen-bearing, low-carbon ferrochrome—chromium 65 to 70',, in 
ADDITIONS 1.25°), and 2°, nitrogen grades. 


é Nitrogen-bearing, electrolytic manganese metal — containing approxi- 
mately 93°, manganese (metallic basis) and 6°, nitrogen. 


Electrolytic manganese metal—with minimum manganese content, on 
a metallic basis, of 99.9°; 


for MANGANESE Low-carbon ferromanganese — manganese 85°, to 90',, six carbon 


grades from 0.07 to 0.50°), max. 


28 to 31%, max. 


Mansnoy alloy—manganese 60 to 63%, silicon 
0.07°,, carbon. 


* Please contact the nearest Evectromet office. Ask for ELectrromer’s 


new 4-page brochure on electrolytic manganese and the booklets on melting 


“Electromet,” “EM,” “Mansiloy,” low-carbon stainless steel, 
and “Simplex” ore registered 
trade-marks of Union Carbide 
and Carbon Corporation, 


ELECTRO METALLURGICAL 
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Small but versatile 


a high-vacuum furnace 
for lab and pilot plant 


CEC’s 5 to 50 pound melting and 
casting furnace offers: 


Three-way casting: Melts of 5, 12, 
17, 30, or 50 pounds can be cast in 
single or multiple molds —or centrif- 
ugally 


Ease of materials handling: Al! 
parts of the furnace interior are with- 
in arm's reach. The oblique angle 
flange connecting the chamber sec- 
tions provides unusual vertical clear- 
ance for removing molds directly 
with a crane. A deep mold well pro- 
vides 33” under the crucible lip for 
pouring bar-type ingots. 


Complete controls: A manual! bridge- 
breaker assembly is combined with 
a water-cooled, nonfogging sight 
tube for optical pyrometry. A sam- 
pling device and a thermocouple 
assembly are standard accessories. 
Interlocking of the pneumatic vac- 
uum line valves makes for safe and 
proper cycling 

he mold well is water-cooled. 
Electric feedthroughs are provided 
for mold heating. 


Consolidated 
Rochester Division, Rochester 3, N. Y. 


NATIONWIDE COMPANY-OWNED SALES AND SERVICE OFFICES 


Process observation, alloy additions, pouring, temperature 
and pressure readings, high frequency control, valve se- 
quencing —all focus around one center of operation. 


Ample pumping: A 2-stage diffus- 
ion-cjector pump brings the system 
swiftly to the low micron Hg pres- 
sure range, with plenty of reserve 
capacity for pressure surges from 
alloy additions, deoxidation, and 
pouring 

Write for illustrated bulletin No. 
4-30 that lists complete specifica- 
tions, accessories, and design features 
of this remarkably versatile furnace. 


This view of the mold chamber shows deep 
well for single molds, indexed table for 


Itiple molds (opt 1) and drive mech- 
anism for centrifugal casting (optional). 


formerly Consolidated Vacuum 


Arc Furnace . . . 


The high-frequency pulse is first 
superimposed on the welding gener- 
ator voltage. Once the direct current 
arc is established the high-frequency 
current is turned off manually. A 
Welch Model 1397B mechanical 
pump can evacuate the furnace to 2 
microns (2 * 10%mm. Hg) in less 
than 5 min. 

Melting is done in argon or helium 
atmospheres or mixtures of both at 
a pressure of 1 Ib. gage. The gases 
are used as received from the U.S. 
Bureau of Mines and the Cleveland 
Wire Works of General Electric Co. 
On occasion the gases are purified 
by melting a zirconium getter but- 
ton in one of the crucibles for about 
one minute prior to starting on the 
six remaining ones. 

S. T. Zecier and J. Teranpy 

Associate Metallurgists 
Argonne National Laboratory 


Machining Hard and 
Brittle Materials 


MELBOURNE, AUSTRALIA 

Some conflicting statements in the 
article on “Machining Hard and 
Brittle Materials”, by R. C. Hall in 
Metal Progress, August 1956, p. 78, 
require some elucidation. In the 
precis at the head of the article, it 
is said that electric arc machined 
surfaces are “free from burrs and 
strains” but in the text it is stated 
that work by other investigators 
shows surface layers to be affected 
to depths of the order of 0.0015 in. 
[The precis was written by the 
Editor, rather than by Mr. Hall.] 

Work at Aeronautical Research 
Laboratories of the Department of 
Supply, Commonwealth of Australia, 
reveals that chromium-base alloys, 
pure copper, aluminum, nickel and 
austenitic and ferritic steels all have 
strained surfaces after electric are 
machining. 

In wrought chromium alloys crack 
networks developed (see p.120) and 
were from 0,006 to 0.008 in, deep 
depending upon the capacitance of 
the condenser bank and the auto- 
matic cutting rate employed. Back 
reflection X-ray techniques revealed 
lattice distortion to extend from 
0.004 to 0.006 in. into the material. 
(Continued on p. 120) 
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How to save on critical alloys and 


still get high alloy turbine performance 


USE “17=-22-A” STEELS 


Contain less than 3% alloy... give maximum 
strength to 1000° and 1100°F 


OU don’t nave to use an expensive high alloy steel 
for gas turbine or other parts that operate up to 
1000° and 1100° F. You can use “17-22-A” steels made 
by the Timken Company—/ow alloy steels—to do the 
same jobs. They give high alloy performance, save 
critical alloys, cut costs. They contain less than 3% 
alloy, yet they give maximum strength up to 1000° 
and 1100° F, 
You get more advantages. “17-22-A” steels resist 
heat checking and thermal cracking. They are readily 
workable up to 2300° F. They are easily machined and 


welded. And maximum high temperature properties 
can be developed by normalizing and tempering, 
minimizing the possibility of distortion and quench 
cracking. 

Send for complete information on “17-22-A" (S) 
steel, and its companion analysis, 17-22-A" (V), 
recommended for temperatures up to 1100° F. Ask for 
Technical Bulletin 36A. And call upon our technical 
staff for help with your high temperature steel prob- 
lems. The Timken Roller Bearing Company, Steel and 
Tube Division, Canton 6, Ohio. Cable: “TIMROSCO”, 


RUPTURE CHARACTERISTICS "I7-22-A" STEEL 


100 


—.. “I7-22-A"S -1000° 


+444 


8 $838 8 


a 


STRESS, 1000 PS! 


40 100 


TIME FOR RUPTURE, HOURS 


Stress-rupture curves show strength of “17-22-A" (8S) at 1000° P and“ 17-22-A" (V) at 1100° 


400 


Fine 
Alloy 


SPECIALISTS IN FINE ALLOY STEELS, GRAPHITIC TOOL STEELS AND SEAMLESS STEEL TUBING 
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...With the aid of the 2 


RCA ELECTRON MICROSCOPE 


Figure | shows the microstructure of a steel after it has been quenched at 500° F. The some 
specimen is shown in Figure 2 after reheating for one hour at 800° F. An original avtomotive 
paint surface is shown in Figure 3, Figure 4 is the same surface after the binder has broken 
down and free pigment particles hove appeared, forming a whitish surface layer. 
In producing its great line of cars “with the forward look,” 
the Chrysler Corporation uses the RCA Electron Microscope 
to inspect many of the materials. These studies cover steel, 
paint finishes, rubber parts, metal powders, brake linings, 
and the extremely fine colloidal particles used for reinforc- 


ing fillers in plastics and rubber. 


The investigations, which are headed by Dr. D. M. Teague 
of the Chrysler Physical-Chemical Research Department, 
also have been broadened to include foundry smoke and 
the effect of wear upon metallic parts. 


RADIO CORPORATION 
of AMERICA 


More and more the use of the RCA Electron Microscope 
is becoming mandatory throughout industry for the 
high magnification and resolution it affords. Find out 
how the Electron Microscope can help you . . . to 
determine the structure of materials, control quality, 
cut costs, save time, accelerate development 

work. Installation supervision is supplied 

and contract service by the RCA Service 

Company is available, if desired. For 

complete information, write to Dept. 

M-72, Building 15-1, Radio Corporation 

of America, Camden, N. J. In Canada: 

RCA VICTOR Company Ltd., Montreal. 


Fig. 1 ~ Cracks in a Chromium- 
Base Alloy After 0.004 In. Had 
Been Removed From the Sur- 
face by Electropolishing. 20 » 


Other work seems to indicate that 
the above troubles may be over- 
come in metals and alloys susceptible 
to ductile-brittle behavior but that 
cutting to produce strain-free sur- 
faces even in ductile metals is appar- 
ently impossible. 

S. T. Quass 
A. O. O'Brien 


Forgeability 


Panis, FRANCE 

Of all the processes for shaping 
metallic materials, the different vari- 
ations of hot work — such as forging, 
rolling, extrusion—are by far the 
most rapid, the most economical 
and the most likely to produce the 
best mechanical properties, espe- 
cially for making long pieces of a 
uniform cross section such as tubes, 
bars and shapes. It works so well 
hecause of the plasticity of the 
material. Most hot metals can be 
deformed to a great extent without 
rupture or tearing — at least within 
certain limits of temperature where 
the metal is sufficiently “forgeable”. 
or susceptible to considerable de- 
formation without cracking. It is, in 
short, a tendency toward cracking 
(sometimes called “crackability”) 
which limits the scope of these shap- 
ing processes, crackability being in 
a way the reverse of forgeability. 

In most general terms, forgeability 
depends upon: 

1. Factors pertaining to the metal 
being worked, and especially to its 
grain size and even more so to the 
freedom from inclusions or segrega- 
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Being machined above is one of 164 Tripods produced 
and machined by Mahon for use in the world's largest 
continuous grinding and polishing machine to be employed 
in the production of plate glass. Weldments, in almost any 
type of heavy machinery give you greater strength with 
less weight—and the additional advantages of greater 
rigidity and predictability. If you can use weldments in 
your products, you can turn to Mahon for complete service 
including design, or redesign, fabrication, machining and 
assembling. The parts and assemblies illustrated here are 
typical of thousands of Steel-Weld Fabricated units pro- 
duced by Mahon for manufacturers of processing machinery, 
machine tools, and other types of heavy mechanical equip- 
ment. You, too, will find in the Mahon organization a unique 
and reliable source for welded steel in any form... a 
source with unusual facilities where design skill and advanced 
fabricating techniques are supplemented by craftsman- 
ship which assures you a finer appearing product 
embodying every advantage of Steel-Weld Fabrication. 
See Sweet's Product Design File for information, or better 
still, have a Mahon sales engineer call at your convenience. 


THE 8. C. MAHON COMPANY + Detroit 34, Michigan 


- Soles-Engineering Offices in Detroit, Hew York ond Chicago 


Engineers and Fabricators of Steel in Any Form for Any Purpose 
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Forgeability . . . 


tions and consequently its method 
of manufacture. 

2, Other factors depending on 
operating conditions, particularly 
the temperature of the metal and the 
speed and mode of deformation. 

3. The condition of the surface of 
the ingot or billet —- which depends 
on other operating conditions such 
as the atmosphere in the heating 
furnace, and tool lubrication. 

From these statements it follows 
that for a given metal or alloy, de- 
pending on its purity and method of 
manufacture, there is a thermal zone 
or safe margin of temperature where- 
in hot working under definite operat- 


ing conditions is possible. Under 
those conditions the material pos- 
sesses adequate forgeability. This 
safe working range must be wide 
enough for commercial operation. 
Now, forgeability and its safe ther- 
mal range also depend in large part 
on the degrees of constraint imposed 
on the metal during its deformation. 
Without entering into an analysis 
of the plastic deformations under 
one, two or three degrees of con- 
straint, let us say that the possibili- 
ties of deformation without cracking 
vary inversely to the degree of 
liberty left to the material to deform 
in various directions. Since the metal 
is practically incompressible and, 
on the other hand, breaks only by 
cracking due to tensile stress or by 


SENTRY Diamond Blocks 


...a@ size for every tool! 


For maximum ond satis 
faction of operation, seluct the SENTRY 
Diamond Biock best suited for the 
size tool you heal treat 

However, you do not hove a 
SENTRY Furaace os yet, it can be dif 
ficult to imagine the high degree of 
hardening perfection the SENTRY Dia 
mond Block Atmosphere can achieve 
for you on your High Speed or High 
Carbon High Chrome steel tools 

We suggest the use of the proper 


Request 
Catalog 
6-37 


SENTRY Diamond Block for a specific 
size tool, because we know SENTRY 
owners ore perfectionists. They want 
the best — that’s why they bought the 
best: SENTRY Furnaces! 

if you want perfection, simplicity of 
operation, outstanding economy and 
the ultimate in heat treating quality 
.. then YOU want SENTRY — SENTRY 
Furnaces and SENTRY Equipment! 

learn about the best. Compore it 
with the rest. Send for 


ELECTRIC FURNACES 


THE SENTRY FOXBORO - MASS. 


oblique slip due to shear, deforma- 
tion is most favored by constraints in 
compression. 

To clarify the ideas of “degree of 
liberty” and “compression deforma- 
tions”, two extreme examples might 
be considered: 

1. Hydrostatic compression. The 
metal cannot deform in any direction 
- except in a direction where there 
is less exterior pressure than on the 
other regions of the surface. 

2. Hydrostatic expansion. In the 
extreme this would be an explosion 
in the center of a hollow sphere. Ex- 
pansion would then occur in all 
directions. 

By hydrostatic compression very 
fragile substances like marble can 
be deformed plastically. 

On the other hand, no metallic 
matter holds up without “brittle” 
cracking under severe hydrostatic 
expansion. 

The two industrial processes 
which are closest to these two ideal 
conditions are: 

1. Extrusion. The metallic billet 
compressed in a cylindrical container 
except at a small orifice at the exit, 
through which the metal flows. 

2. Drifting. This imposes radial 
expansion in all directions around 
an axis. 

Possibility of deformation and its 
amplitude are the maximum in the 
first instance and the minimum in 
the second, for one metal and in 
given physical conditions. 

Between these two there are the 
following, increasing in degree of 
liberty: 

Die swaging 

Stamping 

Forging or upsetting in closed dies 

Rolling in closed grooves 

Rolling between smooth cylinders 

Forging on the anvil 

Drawing or extrusion thus seems 
to be the process which requires the 
minimum of forgeability. For this 
reason it is used when other proc- 
esses, especially rolling, cannot be 
used or give unsatisfactory results — 
for example, cause excessive crack- 
ing at edges. A particularly striking 
industrial example is leaded alpha 
brass, which can readily be extruded 
hot, yet cannot be rolled hot. 

In drawing and especially in ex- 
trusion, the lubricant is very impor- 
tant. The use of glass in the extru- 
sion of steel was described in Metal 
Progress for January 1956. 

ALBERT PORTEVIN 
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The illustration shows Rockwell furnaces for 
corburizing, crucible melting, bright annealing, 
casting annealing, aluminum annealing and coil 
wire anneacling—all equipped with Spencer 
Turbo-Compressors. 


are recommended by 


THE W. S. ROCKWELL CO. 


Since 1918, now more than a quarter of a Century, Rockwell has 
recommended Spencer Turbos in connection with their furnaces 


and ovens. A few recent installations are shown above. 


Spencer Turbos have met the test of time—in years and in con- 
tinuous service with a minimum of shut downs and maintenance 
costs. The simplicity of design with wide clearances, low peripheral 
speeds and only two bearings to lubricate is partly responsible. 
Other features are described in Bulletin No. 126-A illustrated 
below. 


THE SPENCER TURBINE COMPANY 


SPENCER 


HARTFORD 


HARTFORD 6 
CONNECTICUT 
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Earle Smith 


Eante C, Smivru @, many times 
honored for his work in metallurgical 
and engineering fields, is now diree- 
tor of research, Republic Steel Corp., 
Cleveland, and will supervise Repub- 
lic’s new research laboratory to be 
built in Independence, Ohio, He will 
also continue as chief metallurgist for 
the company. 

Earle Smith combines a vast the- 
oretical knowledge with wide practi- 
cal experience in the steel industry 
and an ability to handle men. 

A graduate of Ohio State Univer- 
sity, Mr. Smith joined Central Steel 
Co., a predecessor of Republic, in 
1917 as chief inspector. He rose rap- 
idly in the company and in 1932, 
when the organization merged with 
Republic, was named chief metallur- 
gist of the entire corporation. 

During World War II, he helped 
produce special steel for the miltary, 
and was a member of a three-man 
team sent to England to coordinate 
British and American steel efforts, 

Mr. Smith has been accorded wide 
recognition for his work, including 
the @ Gold Medal Award in 1946 
for outstanding service to the metals 
industry, the American Iron and 
Steel Institute Medal in 1940, and 
the Ohio State University Lamme 
Medal in 1948 for achievement in 
the field of engineering. In 1950 he 
presented the @ Campbell Memo- 
rial Lecture before the annual meet- 
ing of the Society. 


R. Carson Dalzell 


R. Carson @ has been 
appointed chief of the engineering 
development branch, division of re- 
actor development, U. S. Atomic 
Energy Washington, 
D. C. He brings to this position two 
characteristics he thinks are helpful: 
the ability to be a good listener and 
a strong curiosity about any techni- 
cal or scientific field. These two traits 
have helped Dr. Dalzell accumulate 
an enormous technical background 
which is a major factor in making 
good engineering decisions on lines 
of research and development. 

Educated at John Hopkins Univer- 
sity and Harvard University, he spent 
many years with Revere Copper and 
Brass, Inc., in Baltimore, Detroit, 
Chicago and Rome, N. Y. His duties 
there were concerned with applied 
development, plant management and 
general management. 

In 1950 he came to A.E.C. and 
has been directing the general ma- 


Commission, 


terials and fuel development program 


of the division of reactor develop- 


ment, and consulting on other appli- 
cations of materials in the general 
A.E.C, program, It was under Dr. 
Dalzell’s guidance that zirconium 
and beryllium were brought from 
pilot plant to commercial production. 
He will now be in charge of all gen- 
eral development work in the divi- 
sion, excluding specific power reac- 
tor projects. 

Since joining the Baltimore Chap- 


ter @ in 1937, Dr. Dalzell has been 
an active member. He served as 
chairman of the Baltimore Chapter 
and has held positions on various 
committees of the Detroit, Chicago 
and Washington Chapters. When he 
moved to Rome, N. Y. in 1945, he 
organized an @ chapter there and 
served as its first chairman. 


Edward J. Korda @, formerly as- 
sociated with the Wright Aeronauti- 
cal Div., Curtiss-Wright Corp., 
Wood-Ridge, N.J., is now associate 
professor of metallurgical engineer 
ing at Drexel Institute of Tech 
nology, Philadelphia. 


Stuart R. Vandenberg @ has 
transferred to the atomic 
equipment department, General 
Electric Co., San Jose, Calif., as a 
materials engineer. Mr. Vandenberg 
has worked successively in the Knolls 
Atomic Power Laboratory, Tech 
nical Recruiting Dept. and Large 
Steam Turbine Dept. at General 
Electric’s Schenectady operations. 


power 


Earl T. Hayes @ is now assistant 
chief metallurgist, Bureau of Mines, 
Washington, D.C. For the past eight 
years, he was chief of the Bureau's 
branch of physical metallurgy, 
region I, in Albany, Ore., directing 
work on zirconium, hafnium, chro 
mium and other rare metals. 


Charles H. Fuchsman until 
recently research group leader of 
Columbia-Southern Chemical Corp., 
Corpus Christi, Tex., has been 
named director of development for 
the Ferro Chemical Corp., Bedford, 
Ohio. 


Frank Kiper @, vice-president of 
Consolidated Foundries and Mfg. 
Co., Detroit, was elected president 
of Michigan Industries Co., a wholly 
owned subsidiary of Consolidated 
Foundries. Mr. Kiper will have di- 
rect responsibility for the five divi- 
sions of the newly organized com- 
pany, composed of Michigan-Stand- 
ard Alloy Casting Co., Misco Fabri- 
cators, M.S. Machine Products Co.., 
WaiMet Alloys Co., and Western 
Foundry Co. Roger F. Waindle @, 
formerly president of WaiMet En- 
gineering Co., was also named presi- 
dent of WaiMet Alloys Co. 
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MICHIGAN BRASS Company saw to that 
by using REVERE Leaded Brass Strip 


Michigan Brass has a reputation for 
making only quality plumbing goods. So 
the material for their sink strainers had 
to be good to start with and remain con- 
sistently so over the years. After making 
over two and a half million strainers 
from Revere Leaded Brass Strip they tell 
us that not only has their quality for this 
item been consistent, but they also have 
realized certain savings in production. 


Here's why they use Revere Leaded 
Brass for their strainers: 


1. The inherent corrosion resistance 
of brass. 2. Its deep drawing character- 
istics (Photo at left above shows strainer 
after it has been blanked and drawn in 
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progressive die). 3. Ease of machining 
large diameter threads with leaded brass. 
4. The excellent surface that can be 
developed for chrome plating (Photo 
above right shows strainer after it has 
been trimmed, dimpled, threaded and 
plated). 5. The consistent uniformity and 
quality of Revere Leaded Brass Strip 
over the years. 

These very same characteristics of 
Revere Leaded Brass Strip may be the 
very ones that could help you retain the 
quality of your product over the years 

. Cut your production costs. Why not 
have a chat with a Revere TA (Technical 
Advisor) and see? It costs you nothing 
+++ May save you plenty. 


REVERE COPPER AWD BRASS INCORPORATIO 
Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, N. Y. 
Mille Baltimore, Md; Brooklyn, N. V Chica 
Clinton and Joliet, lil; Detroit, Mich: Lat An ‘ 
and Riverside, Calif, New Bedford, Mau, 
port, Ark; Rome, N. Y. Sales Offices in Principal 
Cities, Distributors Everywhere. 
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QUENCHED from 1600°F to 300°F, this 10'4-foot gear 
owes its uniform hardness to violent agitation of quench 
water by five propeller-type side entering LIGHTNIN 
Mixers, installed near bottom of 12-foot-deep tank, be- 


low floor level. See diagram below. 


1) “ie 


No soft spots in this 71,-ton gear 


How do you get uniform hardness in a 
cast steel gear weighing 7/2 tons? 

The Falk Corporation (Milwaukee) 
does it with this king-size water quench 
tank, equipped with five 25-horsepower 
propeller-type LIGHTNIN Mixers. 

The gear is quenched at Wisconsin 
Steel Treating & Blasting Co. for The 
Falk Corporation, who engineered the 
process. 

To speed heat extraction, the Licurt- 
NIN Mixers churn the water violently 
during quenching. The resulting turbu- 
lence constantly wipes and wets every 
square inch of the huge gear surface. 

Temperature of the gear drops from 
1600°F to 400°F—producing the de- 
sired hardness over the entire gear, 
which is 104% feet in diameter. 

“We are fully satisfied with LIGHTNIN 
Mixers for this important quenching 
operation,” says Edward J. Wellauer, 
Falk's Assistant Chief Engineer. “The 
mixers were installed late in 1954 and 
have given us excellent results ever 
since.” 

Don't let size keep you from getting 
better physical properties, greater tough- 
ness in quenched parts. You can im- 
prove hardness uniformity, reduce or 
eliminate warpage and cracking, re- 
treats and rejects—by quenching parts 
as small as a lock washer, as big as a 
105mm gun barrel, with LIGHTNIN 
Mixers. Write us today for facts on 
LIGHTNINS that will give you the results 
you want. 


UNIFORM TURBULENCE in both wipes 
vapor film rapidly from entire surface of 
gear, for maximum liquid contact and 
best possible heat transfer conditions. 


SIDE ENTERING unit is one of many 
LIGHTNIN types you can get, in sizes 
from Ve to 500 HP. You can use LIGHTNIN 
Mixers for standard quenching, martem- 
pering, austempering; for batch or con- 
tinvous work; in new or existing quench 
tanks of any size and shape. 


Mixers. 


MIXING EQUIPMENT Co., Inc. 
171-n Mt. Read Blvd., Rochester 1), N. Y. 
tn Canada: Greey Mixing Equipment, Lid., 100 Miranda Ave., Torontol0, Ont, 


Personals .. . 
Theodore W. Bossert @ has as- 


sumed new duties as chief metal- 
lurgist for Aluminum Co. of Amer- 
ica, Pittsburgh, and will head the 
metallurgical division of the oper- 
ating department. Since 1951 Mr. 
Bossert has been serving as assistant 
chief metallurgist of the metal manu- 
facturing division. 


Charles F. Kettering @ was 
honored with an award from. six 
engineering societies during the fall 
meeting of the American Institute 
of Electrical Engineers in Chicago. 
The award, which is called the 
Charles F. Kettering Medal, is 
sponsored by A.S.C.E., A.LM.E., 
A.S.M.E., A.LE.E., A.LC.E., and 
S.A.E., and is being presented for 
the first time. It is expected that the 
award will be made annually to an 
outstanding engineer “for creative 
accomplishments for the benefit of 
mankind, including discovery, in- 
vention, improvement in designs or 
processes within the relationship of 
materials and energy”. Mr. Kettering 
is a director and former vice-presi- 
dent of General Motors Co., Detroit, 
and former general manager of the 
General Motors Research Labora- 
tories. 


James A. Krimian @ has received 
a U.S. Civil Service appointment as 
a materials engineer assigned to the 
rubber and nonmetals section of the 
research and development division 
at the Detroit Arsenal. For the last 
two years Mr. Krimian was chemical 
engineer in the Packard Clipper Div. 
of Studebaker-Packard Corp., and 
prior to that was associated with 
the Murray Corp. of America, De- 
troit, for 21 years. 


Harold C. Templeton @ has 
joined Alloy Steel Products Co., 
Linden, N.J., as chief metallurgist 
working on corrosion problems in 
application of stainless steel valves. 
Formerly he was chief metallurgist 
at the Lebanon Steel Foundry, 
Lebanon, Pa. 


John F. Richards, formerly metal- 
lurgical engineer in the atomic 
energy division of Sylvania Electric 
Products, Inc., Bayside, N.Y., has 
been named associate scientist (met- 
allurgy), materials section, research 
and advanced development division, 
Aveo Mfg. Corp., Lawrence, Mass. 
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CORPORATION OF AMERICA 


ing. Combining tow first cost, minimum labor skills, 
high production capacity, consistent product quality... 
to the customer's individual requirements. Yet, it 


| @ Lower Unit Cost 
~ @ Reproducible Uniformi 
High Speed Production 
with Automatic razing 
> | - 4 


Io help you with 
YOUR ABRASIVE PROBLEMS 


Your choice of one or more pieces of literature 
which shed a light on the complicated problems 
of blast cleaning abrasives. No tricks, no strings, 
no obligation! 


“A PRIMER ON THE USE OF SHOT AND GRIT” 


— aa 20-page question and answer booklet 
written without bias, from your point of 
view. 


“IT’S TRIPLETS” 


a small leaflet that discusses the new 
look and advantages of palletized abra- 
sives (at no extra cost to you). 


“TIRED OF MAKING TESTS?” 


This pamphlet suggests a simple con- 
trol solution of blast cleaning opera- 
tions. So simple an office boy can oper- 
ate it—does away with “testing” and 
never interferes with your operations. 


This literature will be sent to you with the com- 
pliments of Controlled T Shot & Grit and Perma- 
brasive Annealed Shot & Grit—the abrasives that 
guarantee a savings* in writing and pay off in 
hard, cold cash money. 


*10% in the case of Permabrasive, 15% in the case of Controlled T 


WRITE FOR: () “A Primer on the Use of Shot and Grit” 
“It's Triplets’ (A Story of Palletizing) 
“Tired of Making Tests?" 
THE NATIONAL METAL ABRASIVE COMPANY 
Cleveland, Ohio 
THE WESTERN METAL ABRASIVES COMPANY 
Chicago Heights, Illinois 
SOLD EXCLUSIVELY BY 


HICKMAN, WILLIAMS & CO. 


(INCORPORATED) 


CHICAGO + DETROIT + CINCINNATI + ST. LOUIS + NEW YORK 
CLEVELAND + PHILADELPHIA + PITTSBURGH + INDIANAPOLIS 


Personals . . . 


Charles H. Shelton @ was re- 
cently appointed chief metallurgist 
of the White Motor Co., Cleveland, 
in charge of all activities of White's 
metallurgical laboratory. For the 
past five years Mr. Shelton has 
been chief metallurgist for the 
Tyson Bearing Corp., Canton, Ohio, 
a subsidiary of SKF Industries, Inc., 
and before that was associated with 
the Park Drop Forge Co., Cleveland, 
and Timken Roller Bearing Co., 
Canton, Ohio. 


Charles C. Eeles @ has been pro- 
moted to manager of industrial sales, 
Ohio Fuel Gas Co., Columbus, Ohio. 
Associated with Ohio Fuel since 
1927, Mr. Eeles was formerly as- 
sistant manager of industrial sales. 


George W. Klohr @ has heen 
transferred to the Washington works 
of E. I. du Pont de Nemours & Co. 
as administrative assistant in the 
technical section manager's office. 
Prior to his transfer, Mr. Klohr held 
several supervisory positions in the 
technical section of the company’s 
Belle, W.Va., plant, including that 
of materials coordinator for the poly- 
chemicals department. He will con- 
tinue as consultant on materials of 
construction for the company. 


Thomas A. Carr @ has been ap- 
pointed supervisor of metallurgy 
and quality control for the Spring 
Div. of Crucible Steel Co. of Amer- 
ica, Pittsburgh. Mr. Carr has been 
with the company since 1939. 


Massoud Simnad @ has joined 
the General Atomic Div. of General 
Dynamics Corp., San Diego, Calif. 
His work will include research and 
development of new nuclear reactor 
designs. A native of Iran, Dr. Sim- 
nad was granted a Weston Fellow- 
ship from the American Electro- 
chemical Society, and a guest fel- 
lowship at Carnegie Institute of 
Technology's Metals Research Lab- 
oratory in 1949. From 1950 until 
joining General Atomic, he was a 
staff member of the laboratory and 
a faculty member of the Institute. 


Howard F. Brennan, @, formerly 
a representative for Loftus Engi- 
neering Corp., Pittsburgh, Pa., now 
represents Metalwash Machinery 
Corp., Elizabeth, N.J., in northern 
New Jersey. 
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of Superior Stainless Scrip Steels—every 

step of the way from initial uncoiling in 

your plant to long and satisfactory prod 

es uniform in handling pase uct service in the hands of your cus 
tomers. @ We build precise uniformity 

into every Superior grade: each grade has 
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At Last! 


Two miles of wire and one-half mile of copper tubing were used in the construction of this vacuum furnace by National Research Corporation for Vacuum Metals Corporation, 
Syrocuse, New York. Equipped with air locks and hydraulic controls, it permits casting and removing 3000 pound ingots without breaking vacuum.  Watch-dog” timers and 
interlocks guard against operator error and make the operation of this furnace almost automatic 


Facts About the Triumphant Performance of 
The World’s Largest High Vacuum Induction Furnace 


This NRC unit, built for Vacuum Metals Corpora- 
tion, set a new standard of performance for large high 
vacuum furnaces. Not only is it the world’s largest 
and most automatic vacuum induction furnace, but it 
successfully produced a 2200 pound ingot on the very 
first try. It is today making melts up to 3000 pounds 
in a wide variety of alloys and ingot combinations. 


From their own sad experience many vacuum 
melters agree that it is unusual for any vacuum 
furnace to perform properly, right from the start. It 
is unheard of for a“ first-of-its-kind”’ furnace of such 
size and complexity. Among its pioneering features 
are operation of the induction coil at 800 volts, co- 


We Need 
FIVE ENTHUSIASTIC 
ENGINEERS 
To Help Us Keep Growing. 


Mechanical, electrical and 
chemical engineers who 
honestly enjoy solving 
novel problems in brand 
new fields are offered new 
responsibilities and more 
stimulating work. Write Mr. 
David Tobin of call 
De 2.5800. 


EQUIPMENT | 
CORPORATION 


axial power leads, provision for flooding with argon 
in less than 11 seconds, pictorial control panel, and 
joy-stick controls. 


You can expect completely satisfactory perform- 
ance like this from any NRC vacuum furnace 
large or small induction, arc, or resistance. From 
the 4 pound NRC Model 2904B to production-sized 
furnaces, they all will give you maximum results with 
a minimum expenditure of man hours. That’s because 
of what we’ve learned from building and operating 
more high vacuum furnaces than any other organiza- 
tion in the world. Send coupon below for more in- 
formation. 


NRC EQUIPMENT CORPORATION 
A Subsidiary of 
NATIONAL RESEARCH CORPORATION 
Dept. 112, Charlemont St, Newton Highlands 71, Mass 
Please send NRC Vacuum Furnace Bulletin 
Hove your representative coll 
Nome 
Company 
Address 
City 
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Cuts proportional 


temperature control! costs up to 50%! 


Westinghouse MAGAMP* link units, magnetic amplifier panels, give 
you proportional temperature control systems with unusual savings 
in both first cost and operating costs. 

MAGAMP link units are available in standard panel assemblies 
for industrial furnace control regardless of size. On such applica- 
tions, they offer first-cost savings of up to 50° over conventional 
temperature control signal amplifiers. Savings in lifetime costs are 
even more significant. 

MAGAMP link units are rated for at least ten times longer, trouble- 
free service than present-day electronic control. They are unaffected 
by heat, dirt or corrosive atmospheres and have no moving parts to 
stick or jam. Thus, you can eliminate costly maintenance and re- 
placement expense. *Trade-Mark 

J-01007.X% 


Free Facts Folder. Contact your local Westinghouse sales engineer for 
all the facts, ratings and application data for standard MAGAmP link units; 
or write: Westinghouse Electric Corporation, 3 Gateway Center, P. O. Box 868, 
Pittsburgh 30, Pennsylvania, 


WATCH WESTINGHOUSE! 


WHERE B1@ THINGS ARE HAPPENING FOR Your 
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HOW YOU SAVE, 


Getting Drier Compressed Air 


@ Direct saving in the cost of cooling water saves the price of the Niagara 
Aero After Cooler (for compressed air or gas) in less than two years. 

Extra, for no cost, the drier air gives you a better operation and lower 
costs in the use of all air-operated tools and machines, paint spraying, sand 
blasting or moisture-free air cleaning. Water saving also means less expense 
for piping, pumping, water treatment and water disposal, or you get the 
use of water elsewhere in your plant where it may be badly needed. 

Niagara Aero After Cooler assures all these benefits because it cools 
compressed air or gas below the temperature of the surrounding atmos- 
phere; there can be no further condensation in your air lines. It condenses 
the moisture by passing the air thru a coil on the surface of which water 
is evaporated, transferring the heat to the atmosphere. It is installed out- 
doors, protected from freezing in winter by the Niagara Balanced Wet 
Bulb Control. 


Write for complete information; ask for Bulletin No. 130 


NIAGARA BLOWER COMPANY 


Dept. M.P.,405 Lexington Ave. New York 17, N. Y. 
Niagara District Engineers in Principal Cities of U.S. and Canada 


Personals . . . 


William O. Schaffnit @, a 1956 
graduate of Grove City (Pa.) Col- 
lege, is now employed in operations 
engineering at the atomic energy 
division, Phillips Petroleum Co., 
Idaho Falls, Idaho. Phillips oper- 
ates facilities for the Atomic Energy 
Commission at the National Reactor 
Testing Station in Idaho Falls. 


C. W. Haynes @, formerly asso- 
ciate professor at the University of 
Nebraska, is now senior research 
engineer at Autonetics, a division of 
North American Aviation, Inc., 
Downey, Calif. 


Joachim Jacques Hauser @ and 
James Myles Lommel @ have been 
awarded International Nickel Co., 
Inc., Fellowships at Harvard for 
the 1956-57 academic year. These 
fellowships were established in 1955 
with a five-year grant from Inco 
providing $4000 for fellowships and 
$4000 for use in the division of en- 
gineering and applied physics. A 
native of France, Mr. Hauser came 
to this country in 1953 and has 
studied and conducted research in 
the department of metallurgy at 
Rennselaer Polytechnic Institute. 
Mr. Lommel is a third year student 
in metallurgy working in solid-liquid 
reactions. Receiving his bachelor's 
and master’s degrees from Illinois 
Institute of Technology, he has held 
the Hennen Jennings Scholarship 
and served as a teaching fellow at 
Harvard. 


James L. Hickernell @, a 1956 
graduate of the Missouri School of 
Mines and Metallurgy, is now work- 
ing as a metallurgist trainee for Reed 
Roller Bit Co., Houston, Tex. Mr. 
Hickernell has been associated with 
Hughes Tool Co., Houston, Tex., 
and is a veteran of the U.S. Navy. 


Leonard E. Olds @, formerly 
associated with Battelle Memorial 
Institute, is now a research metal- 
lurgist at the Denver Research In- 
stitute, University of Denver, Den- 
ver, Colo. , 


George Giles Beeker @ hias joined 
the atomic power research labora- ’ 
tory at the Bettis Plant of Westing- 
house Electric Corp. Mr. Beeker will 
work on the development of an 
atomic reactor for a large naval sur- 
face ship. 
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RITE 


HEAT AND 


CASTINGS FOR HIGH 
TEMPERATURE SERVICE 


DESIGNED POR SPECIFIC 
HEAT TREATING APPLICATIONS 


livery heat treating operutien hes ite 
own special casting requirements. 
Our engineers need only the 

fucts abevt your particular 

heat treating operation to 

design ard produce Fabrite castings 
with the correct choracteristics to 


meet your problems. 


Fohrite alloy castings cre products 

of careful design, metallurgical 

and foundry control techniques— 
assuring sound, high tensile 

strength castings that resist thermal 
shock, siand up longer in service. 
There are grades of Fahrite to meat 
your exact operating conditions. A few 
of the many types of Fahrite casings 
made by Chie Steel are; 


Rails Rollers 

Chain Radiant Tubes 
Retorts Fixtures 
Solution Pots Hearth Plates 
Muffies Dipping Baskcis 


Corburizing Boxes 


THE OHIO STEEL FOUNDRY 


SPRINGFIELD, OHIO 


Plants at pringfield ond time, Chie 
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When you need 52100 steel bars and tubes go 
direct to Peterson....world’s largest stocks. NOTE: 
For better machineability specify leaded bars. 


PETERSON 


STEELS, INC. 


Union, New Jersey * Detroit, Michigan * Chicago, Illinois 
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Personals . . . 


Edward T. Bryand @ has joined 
the staff of the Portland Copper and 
Tank Works, Inc., South Portland, 
Me., in the capacity of supervisor, 
new products department. Prior to 
his recent position, Mr. Bryand was 
senior product engineer with Cleve- 
land Graphite Bronze Co., Cleve- 
land, for a year and before that was 
associated with the LT.E. Circuit 
Breaker Co., Philadelphia. 


F. R. Mitchell, Jr., @ was re- 
cently transferred from his post as 
a sales representative in the Spring- 
field, Mass., area for the Carpenter 
Steel Co., Reading, Pa., to a territory 
in the Bridgeport, Conn., area. 


Harvey A. Taylor @, until re- 
cently employed in the technical 
department, titanium division, Na- 
tional Lead Co., South Amboy, N.]., 
is now an engineer in the aircraft 
nuclear propulsion department, Gen- 
eral Electric Co., Idaho Falls, Idaho. 


Herbert D. Cronin @, formerly 
chief metallurgist for Morse Chain 
Co., Detroit, a division of Borg 
Warner Corp., has been named staff 
manufacturing engineer for the 
atomic power division, Westing- 
house Electric Corp., Pittsburgh. 


Stewart H. Kilmer @ has been 
named to the post of works manager 
of the Ambridge, Pa., plant, Spang- 
Chalfant Div., National Supply Co., 
Pittsburgh. Associated with the 
Ambridge plant since 1917, Mr. 
Kilmer was appointed general super- 
intendent in 1949 and held this 
position until his recent promotion. 


Matthew J. Donachie @ has ac- 
cepted the post of works manager 
of Prentiss Wire Mills, Holyoke, 
Mass., a division of the H. K. 
Porter Co., Inc., Pittsburgh. The 
Prentiss operations were recently 
combined with those of the River- 
side, N.J., Metal Div. and Mr. Don- 
achie will coordinate the activities of 
both plants. He was previously asso- 
ciated with the Beryllium Corp., 
Reading, Pa., as president, chief 
metallurgist, and director of research 
and development. 


Bernard J. Fischer @, formerly 
assistant metallographist, is now ex- 
perimental engineer with the Bethle- 


hem Steel Co., Bethlehem, Pa. 
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10 to 100% 
faster 
with Stokes Ring-Jet 
diffusion pumps 


Major advance in diffusion pump design increases 
capacities, shoriens vacuum pumping cycles, 


COMPLETELY DIFFERENT design concept makes it possible for Stokes 
Ring-Jet diffusion and booster pumps to provide high vacuum 
pumping performance never before possible. Instead of a single jet 
cone, these pumps have a ring of jets. This construction increases 
cross-sectional area of the air path... retains short distance to the 
condensing surface. 


The result: for a given size of pump, the Ring-Jet design increases 
pumping capacity from 10% to more than 100%. Pumping speeds are 
substantially higher in the critical ranges. A 6-inch Stokes Ring-Jet 
booster can evacuate 760 cfm at 50 microns, 1400 cfm at 15 microns. 
The pump can also operate against higher forepressures. At normal 
heat input, the 6-inch booster is rated at 2.4 mm., the 16-inch diffusion 
pump, 0.35 mm. 


This increased efficiency cuts pumping cycles, permits use of smaller 


MICROVAC mechanical pumps apie 
: hanical roughing pumps. It puts added value into many types of 
for high capacity, low maintenance a wil 


vacuum processing equipment... such as metallizers, vacuum fur- 
Ideal for use as rough- 


naces and exhausting systems. Both diffusion and booster pumps are 
ing pumps, or as sole 


sources of vacuum in available in a range of sizes from 4 to 16 inches. For specifications, 

applications not 

quiring diffusion or for a consultation on your high vacuum application, call your 
- pump performance. nearest Stokes office. F. J. Stokes Machine Company, Vacuum Pump 

New design features 

assure fast pumping, Division, 5508 Tabor Road, Philadelphia 20, Pa. 


high capacity, effi- 
ciency over wide pres- 
sure range. Trouble- 
free operation is 
by fail-safe 
design, intake screen 
filters, double-spring 


exhaust valves. Write 
for Catalog 752 for 
complete information. 
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Wilson “Rockwell”’* 
Hardness Testers 


Production line speeds 
with laboratory accuracy 


@ There is a WILSON “RocKWeLL”’* Hardness Tester to meet 
every requirement —from laboratory testing to automatic test- 
ing at the rate of 1000 pieces per hour. 


J Model 
Manually operated 


Supplied in both NORMAL and 
SUPERFICIAL testing types. 
Designed for testing tools, 
machine parts and all ferrous ~ 
and non-ferrous metals, hard 
or soft, except thin sheet steel. 


Y Model Motorized 


Suitable for testing work now 
being done with J models when it 
is advisable to increase testing 
speed. Motorized mechanism re- 
moves the major load in the test 
cycle. Set-O-Matic Dial Gauge 
eliminates need of manually 
‘. setting dial gauge to zero. 


Fully Automatic 


Executes complete test cycle 
automatically at the rate of up to 1000 
pieces per hour. Will classify tested parts 
as “correct,” “too hard’’ and “too soft.” 
Controls hardness limits within two Rock- 
well numbers. Has safety stop if pieces are 
not fed properly. 


A wison hardness testing expert is 
located near you. Save time and money on 
your Testing problems. Write or call today. 


*Trademark registered 


the world's standord of hardness accuracy 


AECcO Wilson Mechanical Instrument Division 
AMERICAN CHAIN & CABLE 


230-F Park Avenue, New York 17, N.Y. 


Personals . . . 


Col. Paul N. Gillon, commanding 
officer of the Office of Ordnance Re- 
search, Duke University, Durham, 
N.C., has retired from the U.S. Army 
in order to accept a position as man- 
ager of research with the Carborun- 
dum Co., Niagara Falls, N.Y. 


Alexander H. d’Arcambal, past 
national president of @, has retired 
as president and general manager of 
Pratt & Whitney Co., West Hart- 
ford, Conn., and relinquished his 
position as chairman of the board of 
Potter & Johnson Co., Pawtucket, 
R.L, a Pratt & Whitney subsidiary. 
However, he will remain active in 
company affairs in a consulting 
capacity and as honorary chairman 
of the board of directors. Joining 
the Pratt & Whitney organization in 
1919 as chief metallurgist, Mr. 
d’Arcambal rose rapidly through its 
executive ranks, becoming president 
and general manager of the com- 
pany in 1954. 


Edward J. Mullarkey @ has been 
named technical director of Lead In- 
dustries Assoc., New York. He was 
formerly associated with Arma 
Corp., Brooklyn, N.Y., and a student 
at New York University. 


D. A. Hanan @, formerly Detroit 
district manager of Peterson Steels, 
Inc., Union, N.J., has been promoted 
to the position of eastern district 
manager with headquarters at the 
home office. 


Norman G. Bauman @ and Albert 
H. Fleitman @ have been named 
assistant supervising engineers for 
the engineering laboratories of the 
Crane Co., Detroit. The laboratories 
are located at the company’s Chi- 
cago works. Mr. Bauman will work 
in engineering laboratories’ metal- 
lurgical development program em- 
ploying new metal-melting processes, 
while Mr. Fleitman will be con- 
nected with the development pro- 
gram for Crane heating products. 


Peter V. Schneider @ has been 
named staff metallurgist in product 
engineering at International Busi- 
ness Machine's product development 
laboratory in Endicott, N.Y. Mr. 
Schneider joined IBM in 1954 as 
an associate metallurgist and was 
assigned to the sintered metal lab- 
oratory. 
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Good Steel Made Better 
Additives by Foote 


Used in comparatively small quantities, Foote fluxes and alloying agents 
impart properties that not only improve the quality, but increase the work- 
ability of many types of steel. These diversified Foote products range from 
ferro alloys to such specialized additives as Rimex® for rimming steels... . 
Mangancse Sulphide for free-machining steels...and Electromanganese® + 
(99.9% pure manganese), widely used in the manufacture of stainless and alloy 
steels, as well as special resulphurized free-machining steels. 

In production, research and technical service . .. Foote maintains leader- 
ship in the supply of fluxes and alloys for the steel industry as well as raw 
materials used in the manufacture of welding rod coatings. 


Descriptive literature on any of the products 
mentioned will be sent upon request. 


FOOTE MINERAL COMPANY 
424 Eighteen W. Chelten Building, Philadelphia 44, Pa. 
RESEARCH LABORATORIES: Berwyn, Pa. 

PLANTS: Exton, Pa.; Kings Mountain, N.C.; Sunbright, Va.; Knoxville, Tenn. 
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brilliont finish 


directly on 
zinc die castings! 


No electroplating --no 
mechanical finishing! 


PART AS CAST 


WEW 
TIRIDITE) (Cast-Zinc-Brite) 


brightens zinc die castings by chemical 


TREATED WITH NEW IRIDITE 


polishing, protects against corrosion 


NOW, FOR THE FIRST TIME you can get a brilliant, decorative finish 
directly on zinc die-cast parts . . . without mechanical finishing, with- 
out electroplating! The luster is provided by the chemical polishing 
action of new Iridite (Cast-Zinc-Brite) solution. Even surface blem- 
ishes, such as cold shuts, are brightened by this new process. No 
electrolysis. No special equipment. No specially trained personnel. 
Just a simple chemical dip for a few seconds and the job is done. 
And, this new Iridite has been tested and proved in production. 


CORROSION RESISTANCE, TOO! New Iridite (Cast-Zinc-Brite) provides 
exceptional corrosion resistance for bright-type chromate finishes . . . 
also guards against blueing or darkening by eliminating zinc plate 
formerly required in bright chromate finishing of zinc die castings. 


AS A BASE FOR ELECTROPLATING—Lower mechanical finishing costs are 
possible where plated finishes are required since the brightness pro- 
vided by this new Iridite may be sufficient. 


LET US SHOW YOU what Iridite (Cast-Zinc-Brite) can do for you. Send us at 
least a half-dozen typical zine die-cast parts for FREE PROCESSING for your 
own tests and evaluation. Or, for immediate information, call in your Iridite 
Field Engineer. He's listed under "Plating Supplies” in your classified ‘phone 
book. IMPORTANT: when you give us samples for test processing, please be 
sure to identify the alloy used. 


Research: Prooucrs 


Personals . . . 


Daniel J. Martin @, vice-president 
of Hughes Tool Co., Houston, Tex., 
has recently been elected to the 
board of directors of Trans World 
Airlines, Inc. Dr. Martin is also on 
the board of directors of Hughes 
Tool Co. and several of its affiliates. 


Stephen G. Cupschalk @ has 
joined the atomic power research 
laboratory at the Bettis Plant of 
Westinghouse Electric Corp., Pitts- 
burgh. Mr. Cupschalk will do engi- 
neering and development work on 
an atomic reactor for a large surface 
ship. Mr. Cupschalk, a 1955 grad- 
uate of Lehigh University, was 
studying in the graduate school at 
Lehigh before coming to Westing- 
house. 


J. Herbert Hollomon @, manager 
of the metallurgy and ceramics re- 
search department at General Elec- 
tric Research Laboratory, Schenec- 
tady, N.Y., has been named as 
advisory editor for a new “Series on 
the Science and Technology of Ma- 
terials”, to be published by John 
Wiley & Sons, Inc., New York. 
This series of books will deal with 
the science and technology under- 
lying the behavior, manufacture and 
the technical use of all important 
solid materials, and will be divided 
into three general areas: scientific 
understanding, applied science, and 
engineering materials and processes. 


Homer C. Hueffed @ has joined 
the staff of the industrial engineering 
department of Leece-Neville Co., 
Cleveland, as manager. Mr. Hueffed 
most recently was superintendent of 
the company’s Hamilton Ave. plant 
and prior to that was manager of 
the quality control department. 


Donald R. Hill @ has returned 
to his position as laboratory metal- 
lurgist at the Columbia-Geneva Div., 
U.S. Steel, Geneva, Utah. Mr. Hill 
was transferred to the U.S. Steel 
Research Center, Monroesville, Pa., 
for one year. 


Frederick H. Bremmer @ has 
been appointed superintendent, cut- 
ting department, at the Ambridge, 
Pa., plant, Spang-Chalfant Div., Na- 
tional Supply Co., Pittsburgh. Mr. 
Bremmer came to the Ambridge 
plant in 1929 and has been chief 
combustion engineer since 1945. 
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LITY 


/ 
For centuries the skilled craftsman has 


shown his pride in his workmanship 
by identifying his work with a “mark”. 


The trade-mark of the National Forge 
and Ordnance Company stamped on 
your forging is your guarantee that 
the forging has been carefully and 
skilfully made to meet your specifica- 
tions exactly. 


NATIONAL FORGE 
& ORDNANCE CoO. 


IRVINE, WARREN COUNTY, PENNA. 


DECEMBER 1956 


- 
137 


CONTROLLED» 


THE — FOR 
RIGHT PROCESS YOUR JOB! 


Regardless of capacity, price or degree of mechanized operation 
you may require, each of these furnaces has DOW'S exclusive 
built-in generator and other outstanding DOW features that insure 
high quality work at lowest cost. 


Every DOW furnace is designed with controlled furnace pressuriz- 
ing, controlled quench oil circulation, and controlled atmosphere 
circulation . . . all proven advantages that mean cleaner stock 
«+» uniform hardness . . . minimum distortion. 

Write for detailed literature. 


TYPE, CONTROLLED 
ATMOSPHERE FURNACE 


12045 Woodbine Ave., Detroit 28, Mich. 
Phone: KEnwood 22-9100 


Personals . . . 


Clarence E. Jackson @, research 
metallurgist at Metals Research 
Laboratories, Linde Air Products 
Co., Niagara Falls, N.Y., was 
awarded the Samuel Wylie Miller 
Memorial medal for outstanding re- 
search in the field of welding metal- 
lurgy at the fall meeting of the 
American Welding Society. Mr. 
Jackson has been associated with 
Linde Air Products Co. since 1946 
and prior to that was head of 
the welding section of the Naval 
Research Laboratory, Washington, 
D.C. 


George E. Linnert @ was also 
honored at the A.W.S. meeting. Mr. 
Linnert presented the Adams Honor 
Lecture, established in honor of 
the founder of A.W.S. and presented 
annually by a scientist or engineer 
who has made a new or distinctive 
development in the field of welding. 
Mr. Linnert is head of welding re- 
search in the research laboratories 


of Armco Steel Corp., Baltimore. 


Paul R. Brucker @ and Michael 
Zetz @ have joined the metallurgical 
department of the Crucible Steel 
Co. of America’s Midland, Pa., 
works. Associated with the company 
since 1935, Mr. Brucker will hold 
the post of division metallurgist in 
charge of flat rolled products. He 
has served Crucible as laboratory 
foreman, general supervisor and 
most recently as staff metallurgist 
of silicon steels. 

Mr. Zetz has been appointed di- 
vision metallurgist in charge of melt- 
ing and bar products for Crucible 
Steel Co. Since joining the company 
in 1940, he has held the positions of 
laboratory technician and metallur- 
gist, and prior to his present appoint- 
ment was general supervisor of the 
flat products division. 


R. Wayne Parcel @ has accepted 
a position as chief metallurgist with 
Dalmo Victor Co., Belmont, Calif., 
a division of Textron, Inc. In addi- 
tion to his duties as company con- 
sultant on all metallurgical prob- 


‘ lems relating to materials and proc- 


esses, Dr. Parcel will organize and 
administrate a metallurgical labora- 
tory for the company. He was for- 
merly supervisor of manufacturing 
with Rem-Cru Titanium, Inc., Mid- 
land, Pa. 
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Cleaned with 


conventional 


trichlorethylene 


Cleaned 
with NIALK* 


TRICHLORerhylene 


Operator using Niack TRICHLORethylene cleans 
more parts, because NiALK has pep u hich prevents 


ac id « ontamination, 


reduces number of cleanouts 


Why you get more effective degreasing when 
you use Nialk”® TRICHLORethylene with psp 


‘There’s a difference 
between NiALK TRI- 
CHLORethylene and 


vapor-degreasing solvents. 


a big, cost-cut- 
ting diflerence 
conventional 


Light, heat, air, acids, and active 
metals such as aluminum, given time, 
can break down improperly stabilized 
trichlorethylene, making it unfit for 
further degreasing. 


Only Nialk 
TRICHLORethylene has psp 
The stabilizer in Nisack TRICHLOR- 
ethylene has psp 


ING power. It’s neutral, non-alkaline. 


permanent STAY- 


You never have to replenish it. 

Only Niack has this permanent 
staying power. Even after repeated 
distillations, its unique stabilizer pre- 
vents acid formation and other causes 
of breakdown. Niack works equally 
well with all metals. 


Psp means cheaper 
degreasing ... here's why 


You don’t have to clean out your 
degreaser nearly so often with NIack 
TRICHLORethylene. You can de- 
grease 


many between 


cleanouts. 


more parts 


The stabilizer actively re- 
tards formation of degradation prod- 
ucts in your degreaser—-cleanouts are 


easier, Laster, 


Get proof of Nialk’s cheaper, 
safer degreasing 

See for TRI- 
CHLOKethylene with psp stays sta- 
ble, keeps cleaning . efficiently long 


yourself, how 


after other solvents have lost their 
punch. Write on your business letter- 
head for a revealing resumé of com- 
parative metallurgical tests on the five 


leading brands 


HOOKER ELECTROCHEMICAL COMPANY 


412 UNION STREET, NIAGARA FALLS, N.Y 


NIAGARA FALLS * TACOMA * MONTAGUE, MICH 


* NEW YORK * CHICAGO «+ LOS ANGELES 


Manviacturers of VIRGO® DESCALING SALT, VIRGO ELECTROLYTIC SALT, VIRGO MOLTEN CLEANER 
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Complete flexibility in operating tem- 
perature processing atmosphere per- 
mits an AGF Bell Retort Furnace to 
Nitride one charge and then to Cop- 
per Braze stainless parts in the charge 
immediately following. 


Semi-continuous operation is achieved 
by the use of multiple bell retorts for 
independent work charges. One bell 
retort containing work can be cooled 
under atmosphere protection, while 
another is being loaded. 


Write today for further information 
or send sample parts for process 
ing at no obligation. 


Representatives in principal cities 


AMERICAN GAS FURNACE CO. 


1002 LAFAYETTE STREET — ELIZABETH 4,.N. J. 
“Pioneers since 1878" 


WIDE RANGE of WORK 
with AGF Bett Furnaces 


AGF Standard Bell Retort 


sizes available 


from 4” dia. x 8” height 
up to 30” dia. x 48” 
height. Operating temp. 
up to 2150° F. 


Use AGF BELL 
RETORT FUR- 
NACES for cop- 
per brazing, 
Nickel - chromi- 
um Alloy braz- 
ing or bright 
annealing of 
stainless parts. 
Nitriding, Car- 
burizing and Ni- 
Carbing also 
done without 
modification. 
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Personals . . . 


William D. McMullen @, a 1955 
graduate of the University of Utah, 
has joined the Bettis Plant atomic 
power research laboratory, Westing- 
house Electric Corp., Pittsburgh. His 
work will involve development of an 
atomic reactor for a large surface 
ship. Before joining Westinghouse, 
Mr. McMullen was studyding in Le- 
high University’s graduate school. 


Donald E. Roda @ has been 
named supervisor of metallurgy in 
the research section, Rocketdyne 
Div., North American Aviation, Inc., 
Canoga Park, Calif. Before joining 
Rocketdyne, Mr. Roda was staff 
metallurgist for several plants of 
Plomb Tool Co. in the United States 
and Canada, and before that was 
chief metallurgist, Pacific Div., 
Bendix Aviation Corp., North Holly- 
wood, Calif. 


Thomas H. McCunn @, formerly 
with General Electric Co., Schenec- 
tady, N.Y., is now research metal- 
lurgist in the research laboratory of 
Allegheny Ludlum Steel Corp., 
Brackenridge, Pa. 


William H. Bailey @ has accepted 
a position as laboratory technician 
with the research and development 
laboratory of the Carborundum Co., 
Niagara Falls, N.Y. Prior to this ap- 
pointment, he was an assistant heat 
treating foreman in the cold roll 
division of Crucible Steel Co. of 
America, Harrison, N.]. 


Roland J. Ahem @ has been 
elected president and general man- 
ager of the Peck, Stow & Wilcox 
Co., Southington, Conn. Mr. Ahern 
has been chairman of the board of 
directors of the company for several 
years and will continue to serve in 
that capacity. In addition, he is also 
president and general manager of 
the parent company, Billings & 
Spencer Co., Hartford, Conn. 


James M. Copeland @ was re- 
cently appointed manager of tech- 
nical services in the Rochester, 
Minn., plant of International Busi- 
ness Machines Corp. Mr. Copeland 
joined the Endicott, N.Y., works as 
technical engineer in the metallurgi- 
cal laboratory in 1951, and later 
served as associate metallurgist, 
project metallurgist and more re- 
cently as product metallurgist. 
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CLEANERS 


The JET series was developed to fill the need for economical, 
efficient, low-foaming spray cleaners to be used on zinc, 
copper, brass or steel. 


» JET CLEANERS step-up the efficiency of your spray 
cleaning equipment. 


t Reduce overflow loss with new low-foaming formula 
(no silicones or troublesome chemicals), permitting 
wider range of concentration. 


* Carry heavier dirt load without redeposition. 
* Remove all types of soil. 

* Are harmless to rack coatings and equipment. 
COST 


om Wt Non-toxic, dust-free, non-caking. 
TRUE COST OF YOUR CLEANER 


e Offer better results at lower cost. 


Let the Northwest Cleaning Specialist explain JET CLEANERS’ advantages in your production. 


NORTHWEST CHEMICAL co. 
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J-M BLAZECRETE 
cuts refractory 


maintenance costs... 


That’s why it pays you to use this hydraulic- 
setting refractory for temperatures to 3000F 


Blazecrete* materially reduces labor 
costs for refractory maintenance. This 
hydraulic-setting refractory saves time 
in building and repairing linings for 
high-temperature equipment. 


For troweling, just mix Blazecrete 
with water as you'd mix ordinary con- 
crete... then slap-trowel it in place. 
When gunned, it adheres readily with 
a minimum of rebound loss. Either way, 
Blazecrete goes on fast, without labo- 
rious ramming or tamping. And Blaze- 
crete linings /ast. 


Three types of hydraulic-setting Blaze- 
crete are available. All harden on air 
curing, do not require prefiring. They 
are furnished as a dry mix—can be 
stored safely for use as needed. 


3X BLAZECRETE—For temperatures 
through 3000F, Unusually effective for 
heavy patching, especially where brick- 
work is spalled or deeply eroded. Excel- 
lent for forge furnace linings, lime kilns, 
U.S. Pat. On. 


Whether you gun it... 


or slap-trowel it... 


burner blocks, soaking pits, and indus- 
trial boilers. 

STANDARD BLAZECRETE—For tem- 
peratures through 2400F. Makes repair 
work easier and less costly. Can be used 
by boiler manufacturers to replace fire 
clay tile in wall construction. Suitable 
for use in combination with 3X Blaze- 
crete and L. W. Blazecrete. 

L. W. BLAZECRETE— For temperatures 
through 2000P. An insulating refractory 
. + light in weight, low in thermal con- 
ductivity. Adaptable and economical for 
many other applications. 

Send for Brochure RC-28A on Blaze- 
crete and its companion material, Fire- 
crete*...the hydraulic-setting castable 
refractory for making 
special shapes and lin- 


ings. Write Johns- 
Manville, Box 14, New 
York 16, N.Y. In 
Canada, 199 Bay St., 
Toronto 1, Ontario. 


Johns-Manville BLAZECRETE 


BUILDS BETTER REFRACTORY LININGS 
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Personals . . . 


William C. Greenleaf @ has been 
added to the staff of U.S. Industrial 
Chemicals Co., a division of Na- 
tional Distillers Products Corp., New 
York, as manager of metals develop- 
ment. In his new position Mr. Green- 
leaf will be responsible for market 
development and sales of zirconium 
and titanium sponge produced in 
two new plants being built in Ash- 
tabula, Ohio. For the last ten years 
Mr. Greenleaf has been affiliated 
with Allegheny Ludlum Steel Co., 
Pittsburgh. 


A. E. Gurley @ and C. R. Hanne- 
wald @ were the recipients of the 
Metal Treating Institute Achieve- 
ment Award at the annual meeting 
of the Institute in October. This 
award is made each year to the 
author of the most outstanding lec- 
ture presented at the annual spring 
meeting of the Institute or for any 
feature article appearing in Metal 
Treating, the Institute’s magazine. 
Mr. Gurley and Mr. Hannewald, 
both affiliated with Chrysler Corp., 
Detroit, received this recognition for 
their article entitled “Development 
and Application of the Iso-Hardness 
Diagram” which appeared in the 
May-June 1956 issue of Metal 
Treating. 


Eugene M. Smith @ has been 
advanced to the position of research 
administrator for the Lukens Steel 
Co., Coatesville, Pa. In this capacity, 
Mr. Smith will be responsible pri- 
marily for the development of new 
metallurgical and chemical products 
and processes. He joined the com- 
pany’s research division in 1954, 
after experience with Youngstown 
Sheet & Tube Co., Battelle Memo- 
rial Institute and Aluminum Co. of 
America. 


Michael Hoch @ joined the staff 
of the University of Cincinnati as 
assistant professor of metallurgical 
engineering. Dr. Hoch was previ- 
ously research associate with the 
Ohio State University Research 
Foundation, Columbus, Ohio. 


Robert C. Bertossa @, formerly 
head of the metallurgical research 
laboratory, Chicago Bridge and Iron 
Co., Birmingham, Ala., recently 
joined the metallurgy department of 
Stanford Research Institute, Menlo 
Park, Calif. 
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outshines therm 


Automotive designers who keep an eye on angies know the 
value of Sharon Stainiess Steel. 

There are plenty of angles to the rakish appearance of a 
modern motor car and more of them are being accentuated 
with trim and accessory pieces of bright, ever new Sharon 

Stainiess Steel. 
it has the rich, luxurious appearance that spelis quality. it defies 
flying stones, grit and everyday road abrasions; will not peel, 
flake, corrode or wear away. A damp cloth will restore its natural 
beauty in seconds. 


You will see much more of this enduring 
metal on cars, appliances, buildings — where 
ever beauty and long wear are essential. 


SHARON STEEL CORPORATION 


DISTRICT GALES OFFICES: Crevetcen, Darron, 
Rares, Los Anwoetes. New Yorum, 


RD) | 
FROM ANY ANGLE 
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Carburizing by 
Induction Heating 


Digest of “Rapid Carburizing 
Using Heating by Induction”, by 
A. D. Assonov, K. Z. Shepel- 

akovskii and P. A. Lankin, 
Metallovedenie i Obrabotka 
Metallov, No. 3, 1955, p. 39-50. 


NE DISADVANTAGE of conventional 

carburizing methods using either 
gaseous or solid carburizers is that 
about 10 hr, is required to obtain 
an adequate case. This article de- 
scribes completely automatic equip- 
ment for carburizing and direct 
quenching which employs high-fre- 
quency induction heating and re- 
duces the carburizing time to about 
50 min. 

The principal factor accounting 
for the greater speed of carburizing 
by this method is that the tempera- 
ture used is 1975° F. instead of the 
usual 1700°F, Although Russian 
investigations from 1936 to 1938 in- 
dicated that electrical effects of di- 
rect current and high-frequency 


current greatly accelerated the rate 
of carburization, later work by Sa- 
dovskii and Spektor showed that the 
specific action of an electric current 
was too small to exert an appreciable 
influence on diffusion processes. 
Papers demonstrating the feasibility 
of high-temperature carburizing were 
published by Stroev during the war, 
and the present authors in 1954 de- 
scribed a commercial apparatus 
used for gas carburizing with induc- 
tion heating at the Stalin automobile 
factory. 

The equipment is shown in the 
drawing below. The gears to be 
carburized are fed in at 6 and are 
automatically moved to the left by 
the hydraulic cylinder, 8. At 9, an 
individual gear is raised by cylinder, 
10, to the bottom position in the 
stack of gears being heated. The 


3 
/ 
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inductor, 1, that heats the gears is in 
a hermetically sealed casing, 2, and 
is thermally insulated from the hot 
gears by the special ceramic lining, 
3. Carburizing gas is introduced at 
the bottom of the apparatus, 4, and 
is burned at the top, 5. 

A gear is introduced at intervals of 
1.5 to 3 min. so that each gear is 
carburized for 45 to 50 min. at 
1975° F. The temperature is meas- 
ured by a photoelectric pyrometer. 
The carburized gear at the top, 13, 
is brought up to the top section, 11, 
and is allowed to cool to about 
1560° F. before being quenched at 
12 and removed by the conveyor, 
14, The case depth produced by 
this treatment is from 0.032 to 
0.040 in. 

A problem encountered with this 
method is grain growth at the high 


Fig. 1 — High Frequency Induction 
Heater for Automatic Carburizing 
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Fast, flexible 


cuts heating cycle, 
ups production 
at Heppenstall 


Company 


Heating die blocks for hardening is no 
longer a 20- to 30-hour operation at 
Heppenstall Company’s Pittsburgh plant. 
A new, completely automatic program con- 
trol heating method, with a heating rate 
4'% times faster than previously attained, 
reduces the cycle to only 3 to 4 hours for 
work loads up to 20 tons. 

This fast heating is done with patterned 
radiant heat in a Gas-fhred, car-bottom type 
furnace, designed and built by Selas Cor- 
poration of America. The furnace not only 
increases production rate four to five-fold 

as compared with the 12 adjoining, con- 
ventional furnaces of approximately the 
same size—but also achieves this increase 
in output with 20 percent less fuel per 
pound of steel heated. 

lor information on how you can increase 
production by using Gas, call your Gas 


specialist. He'll be 


glad to discuss the economies and out- 
standing results you get with Gas and 
modern Gas-fired industrial equipment 


American Gas Association. 
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GLOBAR® Heating Elements in this 
BURRELL /abora(ory furnace 
assure FLEXIBILITY at /igh temperatures 


@ This modern “Unit- Package” electric tube furnace operates at temperatures 
up to 2650°F. Designed and built by Burrell Corporation, Pittsburgh, Pa. — equipped 
with GLOBAR® Silicon Carbide Heating Elements 


IN LABORATORY FIRING, working temperatures must be changed 
quickly, up or down, to meet the requirements of many different jobs. GLOBAR® 
non-metallic Heating Elements — selected by leading manufacturers of 
electric furnaces—heat up rapidly, permit extremely accurate and flexible 
temperature control, and provide long, dependable service. 


HEATING WITH GLOBAR® clements is safe, clean... free from dirt, 

noise and fumes. Furnaces can be set up wherever convenient. GLOBAR 
engineers will be glad to discuss GLOBAR Heating Elements and their 
application with you — without obligation. Send details to The Carborundum 
Company, Dept. MP 87-637, Niagara Falls, New York. 


TECHNICAL LITERATURE — covers industrial Heating 
and ceramic applications. Write for Bulletins "H" and “K”, . 
available free of charge 


3 YEARS EXPERIENCE Elements 
AT YOUR SERVICE 


yy CARBORUNDUM 
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GET PHOTOMICROS 
FASTER, EASIER 


with Bausch & Lomb job-tailored equipment 


Compact 4-in-1 unit 
efficiently handles all 
micro and macro work: 


. Visual microscopy 
eed 2. High power photomicrography, with 
—_— transparent and opaque specimens 
——— 3. Low power photomacrography, with 
—_- transparent and opaque specimens 
== 
4. Photocopying 
Bausch & Lomb 
| | Model | 
Photomicrographic 
Equipment 


Catalog E-210 


On-the-spot photo records 
and projection slides 


Fits microscope eyepiece tube. . . 
photographs what you want, when 
you want it! Simultaneous focus 
of visual and film images assures 
vivid, detailed pictures. 35mm or 
24% x 3% film, color and black- 
and-white. 


Bausch & Lomb Model N 
Eyepiece Camera, Catalog E-21 


WRITE FOR INFORMATION 
AND DEMONSTRATION 

Please specify Catalog Number(s). Dem- 
onstration on request; no obligation, of 
course. Address Bausch & Lomb Optical 
Co., 83512 5t. Paul St., Rochester 2, N. Y. 


complete optx a! source from glass to 
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temperature employed. Fine-grained 
steels which had a grain size of 
A.S.T.M. 7 after carburizing at 
1740° F. coarsened to a grain size 
of about 4 at 1920° F. and to about 
2 at 2100°F. However, the me- 
chanical properties of these steels, 
including impact strength at —80° 
F., were about the same after high- 
temperature carburizing as they were 
Other 
steels tested experienced more se- 
vere grain growth and these steels 
required an additional annealing cy- 
cle to refine the grain. 

It was found that the addition of 
about 0.1% zirconium to carburizing 
steels helped prevent grain coarsen- 
ing. Another refinement of the proc- 
ess permits a reduction in the amount 
of distortion in the final part by in- 
troducing a machining operation 
after carbyrizing. A different type 
of production machine is used for 
this purpose which incorporates a 
second inductor that anneals the 
gears at 1200° F. for about 30 to 40 
min. The hardness is ©-25 to 30. 

The machine shown in Fig. 1 is a 
60-kw. 2500-cycle model and has a 
production rate of about 250 Ib. per 
hr. Production cost is only 75% that 


after normal carburizing. 


of the conventional process, and only 
25% as much floor area is required 
for the same production rate. 

Service results on gears produced 
by direct quenching from this high- 
temperature carburizing unit have 
been entirely satisfactory. 

A. G. Guy 


Continuous Casting 
of Tin Bronzes 


Digest of “Experiments on 
the Semicontinuous Casting of 
Bronze”, by E. C. Ellwood, J. 
C. Prytherch and E. F. Phelps, 
Journal of the (British) Insti- 
tute of Metals, Vol. 84, p. 319. 


NYONE interested in continuous 
casting will find many useful 
items in this paper. It is a logical 
supplement to the article on “Con- 
tinuous Casting” by J. O. Smart in 
Metal Progress for October 1955, 
since it deals mainly with phosphor 
bronze — especially tubing. 
Metal is continuously supplied 
through a tundish filled from a high- 
frequency furnace. The die is made 
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Nichrome*, the famous alloy 
whose spectrogram you see here, 
is as truly a masterpiece as any 
Rembrandt or DaVinci hanging 
in the galleries—and for largely 
the same reason 

For the principal elements in 
Nichrome, 
What gives Nichrome its unap- 


anyone can combine. 


proachable superiority over all 
other heat-resistance alloys, is the 
truly personal elements that go 
into its making—the all-impor- 
tant, highly specialized skills of 


the Driver-Harris technicians. 


melting 
through every processing opera- 


Step-by-step from 
tion, from furnace to finished 
spools of wire (some drawn as 
fine as .0005 dia.) exacting metal- 
lurgical controls and checks 
operate to assure the peerless and 
enduring qualitites of Nichrome. 
These quality controls represent 
58 years of continuous alloy 
that have established 
the time-tested 
standard by which all similar 


research 
Nichrome as 


alloys are measured. 

Yes, there is only one Nichrome, 
and it is made only by Driver- 
Harris. 

And in recognition of its unique 
properties, the States 
Patent Office in August, 1908, 
granted solely and exclusively to 


us the trade-mark NICHROME. 


*T. M. Reg. U. Pat. OF, 


United 


Dyrviver- 
Harvis’ 


COMPANY 
HARRISON, NEW JERSEY 


BRANCHES hicago, Detr 


Cleve 

San Frar . Ca 
The 
ltd 


OMPANT 


Hamilton. ¢ for 


MAKERS OF THE MOST COMPLETE 
LINE OF ELECTRIC HEATING 
RESISTANCE, AND ELECTRONIC 
ALLOYS IN THE WORLD 
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_ HEATING 


The Lepel line of induction heat- 
ing units represents the most advanced ‘Mg 
thought in the field of electronics as well as : o:.. 

F/ the most practical and efficient source of heat yet 
developed for industrial heating. With a background of half 

a century of electrical and metallurgical experience, the name Lepel 

has become the symbol for quality in induction heating equipment 
fj embodying the highest standards of engineering achievement, dependable 
low cost operation and safety. 


If you are interested in the application of induction heating you are invited 


, te send samples of the work with specifications of the operations to be 
: performed. Our engineers will process these samples and return the com- 
q pleted job with full data and recommendations without any cost or obligation. 


: TYPICAL INDUCTION HEATING APPLICATIONS 


A Lepel installation at Federal Tele- 
phone and Radio Co. shown sold- 
ering transformer terminals. A pre- 
cision operation made so simple that 
even unskilled operators can achieve 
excellent results on ao production 
basis. 


a The simultaneous soldering of a 
group of components within one 
ix load coil is an ideal application 

for induction heating. The assem- 
blies consist of mounting studs and 
tubes Inserted into a machined 


7 part together with preformed sold- 
: er rings. The heating is done so 
oh rapidly that there is practically 
¢ no scaling or discoloration. 
Electronic Tube Generators—1 KW; 2KW; 


5 KW; 10 KW; 20 KW; 30 KW; 50 KW; 75 KW; 100 KW 
Spark Gap Converters 2 KW; 4 KW; 7/2 KW; 15 KW; 30 Kw. 


4 WRITE FOR THE NEW LEPEL CATALOG . . . 36 illustrated pages pocked 
with valuable information. 


All Lepel is certified 
. te ith the requirements 
Communications 


LEPEL HIGH FREQUENCY LABORATORIES, INC. 


55th STREET and ib AVENUE, WOODSIDE 77. NEW YORK CITY, NY 
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of soft electro-graphite of fine grain. 
When casting 1.5-in. tubes with 
0.25-in. walls of an alloy containing 
10% tin and 0.5% phosphorus, pro- 
duction was at the rate of 15 in. per 
min.; l-in. rods were also made at 
12 in. per min. The machine is simple 
and relatively inexpensive. 

The main difficulties encountered 
were “tin sweat”, and friction be- 
tweeen the surface and the graphite 
die which caused the rods to break 
when the alloy was hot short. Tin 
sweat rings formed in the die about 
0.75 in. below the bottom of the 
solidification front and adhered 
firmly to the graphite die — and to 
the rods as well. However, this did 
not affect the mechanical properties 
or soundness of the product, and 
the rings were removed by a very 
fine surface cut. The conditions 
necessary for a tin sweat are a gap 
for it to run into and a fusible con- 
stituent in the metal; the sweat 
persisted even when the metal was 
most carefully degassed. 

Rod breakage increased with the 
speed of withdrawal. The only re- 
straining force above the fracture 
point is the strength of the solidify- 
ing bronze, and when this is exceed- 
ed the hot rod breaks. The implica- 
tion is that the bronze is “hot short” 
at the critical temperature and loca- 
tion. Unlike the continuous casting 
of aluminum, where the cast block 
must be supported, bronze requires 
a definite pull — as much as 400 Ib. 
is frequently required. 

There is considerable leeway as 
to casting temperature. For a bronze 
with 10% tin and 0.5% phosphorus 
this is 1750 to 2100° F. Metal in the 
melting furnace usually is between 
1900 and 2000° F., and is at 1750° 
F. in the throat of the die. During 
operation the latter can satisfactorily 
go up to 1825° F. 

In the casting of tubes a suitable 
tapered mandrel is attached to the 
bottom of the tundish, thus directing 
the flow of metal into a tubular 
shape. The paper contains data on 
taper and dimensions. The reviewer 
feels that the alloy chosen, namely 
high-phosphorus bronze, may easily 
prove the best for the casting prac- 
tices described. Tin bronzes with less 
than 0.01% phosphorus might be ex- 
pected to give trouble. 

Typical macrostructures indicate 
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quick 
quenching 
in 
5 seconds 
...or less! 


DESPATCH 


QUICK-QUENCH BOTTOM- 

ENTRY FURNACES MEET 

TODAY'S DEMANDS FOR 

SOLUTION HEAT TREATING 
OF ALUMINUM 


This Despatcu furnace is used for solution heat 
treating of aluminum and aluminum alloy shapes 
in a prominent aircraft plant. The furnace accom- 
modates a work rack wide, 7’0” high and 20'4” 
long. Work load is 1000 pounds of aluminum. 
Recovery time is 15 minutes or less, when a cold 
load is introduced into the furnace at 920° F. 


WRITE TODAY for Bulletin 81-P describing all 
types of aluminum heat treating furnaces and 
many other furnaces for treating steel up to tem- 
peratures of 1250° F. 


SPATCH 
oven 619 S.E. 8th STREET 
MINNEAPOLIS 14, MINN. 


Sales and Service in All Principal Cities 


PIONEERS IN ENGINEERING HEAT APPLICATIONS FOR INDUSTRY 
DECEMBER 1956 
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HOW CHACE 
THERMOSTATIC 
BIMETAL ACTUATES 
THE 


BOILER 
GAUGE 


This neat Type 23 DS Q T boiler gauge is a product of 
James P. Marsh Corporation, manufacturers of tem- 


perature indicating devices for industry and the home. 


The Ther-Alti-Meter shows altitude and steam pressure 

and boiler temperature, all on one compact dial. The 
temperature gauge is actuated by an element made of 
dependable Chace Thermostatic Bimetal for accuracy 


and many years of continuous performance. 


Here's how it works: The helical coil element of Chace 
Thermostatic Bimetal (A) is welded to a knurled brass 
plug (B) which is a press fit in the immersion tube, The’ 
A free end (C) fits into the slotted end of the shaft (D) 
which is geared to the temperature indicator hand. The 
bending action of the bimetal in the coil causes the 
upper end to turn counter-clockwise as the temperature 
rises, thru rotating the shaft. The element is geared so 
that it rotates the indicator 180° between the range of 


60° and 320° F, 


Remember Chace when you design for temperature actuation or indi- 
cation, or for protection of valuable equipment. Dependable Chace 
Thermostatic Bimetal is available in 28 types, in strip, coil or completely 
fabricated and assembled elements made to your specification. Write for 
new 44-page booklet, “Successful Applications of Chace Thermostatic 
Bimetal,” containing interesting uses of bimetal and many pages of 
engineering data. 


 W.M. CHACE CO. 
Thewnortalic Bimelal 


1626 BEARD AVE., DETROIT 9, MICH. ; 
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coarse equi-axed and columnar crys- 
tals for alloys containing 10.5% tin 
and 2% zinc (as well as for 6.75% 
tin and 0.01% phosphorus) both cast 
at 6 in. per min. A finer structure 
appears in bars of 13.5% tin and 
10.3% lead, and quite a uniform 
emulsion of 15% lead in a 5.5% tin 
bronze. This last is no doubt influ- 
enced by the fact that the casting 


temperature was 1775° F.—a low 
temperature for this alloy. 
No major metallurgical defects 


such as shrinkage or gas cavities 
were found in any of the material by 
macro-examination, machining or 
fracturing. This indicates the excel- 
lent quality of the metal and is one 
of the great advantages of semicon- 
tinuous casting of these alloys. The 
microstructures show a good dis- 
tribution of secondary constituents 
despite the coarseness of the macro- 
structure. A certain amount of micro- 
porosity was observed, insufficient 
to be ranked as a cause of rejection. 
Such porosity is more troublesome 
in low-tin alloys than in high-tin 
alloys. Fractures of the rods were 
smooth, silky and free from defects, 
the coarse grain not being reflected 
in the fractures in any way. 

The properties are 
superior for straight tin bronzes in 
fhe range from 5.2 to 8.4% tin — the 
last mentioned giving over 50,000 
psi. ultimate and 37% elongation. 

Hanorp J. Roast 


mechanical 


High-Temperature 
Ceramic Coatings 


Digest of “Ceramic Coatings 
and Processes— High Tem- 
perature Protection”, by J. V. 
Long, presented at the Los An- 
geles Chapter @ Educational 
Program, Nov. 21, 1955, 19 p. 


HE DEVELOPMENT of new power 
sources gas_ turbines, 
atomic reactors and the advent of 
flight brought 
about the use of materials which will 
operate at 


such as 


supersonic have 


elevated temperatures. 
Many ceramics, cermets and metals 
have been developed as coating ma- 
terials for applications above 1800° 
F. in order to conserve strategic ma- 
terials and add to the useful life of 
the base metal. 

The ceramic coating of a metal is 
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Jack & Heintz Inc. silver brazes 
over 25 different parts on this 
15 KW, 10,000 cycle TOCCO machine. 


with TOCCO* Induction Brazing 


Brazing Costs Down 


When Jack & Heintz engineers switched from torch 
brazing to automatic induction, brazing cost of these 
inverter brush mounts fell from $.05 to $.006 each 
—a reduction of 83% in direct labor costs alone! 
Additional savings result because less cleaning is 
required after TOCCO, and fuel costs are much 
lower, too. 


Brazing Production Up 


While costs dropped, production on the part zoomed 
—from 40 to 360 brazed assemblies per hour. Fur- 
thermore, rejects and scrap, formerly high, are now 


negligible. 


THE CHIO CRANKSHAFT COMPANY 


Versatility 


The part shown is just one of over 25 parts, large 
and small, which alert J & H engineers have con- 
verted from old-fashioned brazing methods to mod- 
ern, automatic TOCCO. Overall brazing costs 
(TOCCO brazing versus former methods used) are 
down 75% —brazing speed, up 100%. 


* * * 


If the manufacture of your product involves brazing, 
heat-treating, forging or melting of ferrous or non- 
ferrous metals, don’t overlook TOCCO as a sound 
method of increasing production, improving prod- 
uct quality and slashing costs. 


-———-———— Mail Coupon Today 


| NEW FREE 


BULLETIN 


THE OHIO CRANKSHAFT CO. 
Dept.®-12, Cleveland 5, Ohie 

Please send copy of “Typical Results of 
TOCCO Induction Brazing and Soldering”. 


Name 


Position 


Zone... State 


AC Ng ha 
al 
j 
| 
| 
¢ 
” > Company _—_____ 
DECEMBER 1956 


Ceramic Coatings . . . 


an art which requires control of the 
coating formula, coating manufac- 
ture, application and firing. The 
high-temperature ceramics are simi- 
lar to porcelain enamels except that 
ceramic coatings are more refractory 
and heat resistant. These glass-like 
ceramic coatings have high strength, 
high hardness, good corrosion resist- 
ance and good thermal properties. 
Variations in analysis and manufac- 


turing methods are employed to meet 
specific problems. The major prob- 
lem in bonding ceramic to a base 
metal has been the low coefficient of 
expansion of the ceramic. This has 
been overcome by modification of 
the ceramic formula and the addi- 
tion of cobalt, nickel or manganese 
oxide bonding agents. Coatings have 
been developed that protect carbon 
and low-alloy steels at elevated tem- 
peratures but some field failures have 
occurred because of the low strength 
of the low-carbon steel base. 


GIVE METALS 
COLD TREAT 


with this 
~NEW low cost 
Cincinnati 
Sub-Zero 
Mechanical Chilling 
Machine 


STABILIZE ALLOY 
STEEL by complete change 
of austenite to martensite. 
TOUGHEN METALS, in- 
crease hardness and life 
of perishable tools up to 
400%. 

STRESS-RELIEVE CAST- 
INGS of magnesium, alumi- 
num and cast iron... with 


SUB-ZERO Chilling! 


®@ Capacity: 400 BTU’s per hr. 
at—120° F. 


® 2 cubic foot chamber 
All steel construction 


Hermetically sealed refrig- 
eration system 


Easy “plug-in” installation 


Heating unit, observation 
window, other accessories 
available. 


There is a complete range of models, sizes and special 
designs to suit your job requirements. Write today for 
Catalog on the full line. 


Cincinnati Sus-Zero Propucts 


General Offices and Plant 


3930-R6 Reading Road 


Cincinnati 29, Ohio 


There are many problems in coat- 
ing alloy steel. Hydrogen which may 
be present in dissolved water in the 
frit causes blistering of the coating. 
The hydrogen may collect and the 
resultant pressure will cause fish-scal- 
ing or flaking of the coating. The 
elimination of moisture by using 
unfritted coatings or an inorganic 
solvent instead of water or by sand- 
blasting instead of pickling will elim- 
inate the effects of hydrogen. 

During firing, oxygen combines 
with the carbon in the steel base to 
form carbon dioxide and carbon 
monoxide, These gases cause dim- 
ples and pinholes in the coating. The 
evolution of gas and surface oxida- 
tion can be reduced by firing in an 
inert atmosphere. The evolution of 
gas is also controlled by using spe- 
cial low-carbon enameling steels or 
steels which have the carbon stabi- 
lized by the addition of titanium. 

Many laboratory tests have been 
developed to determine the proper- 
ties of the coatings. Rough tests are 
generally used to make the initial 
separation between satisfactory and 
unsatisfactory properties. These tests 
include impact, thermal shock, burn- 
ing and bending tests. More refined 
tests such as dynamic heating and 
continuous heating tests are also 
made. Alternate condensation and 
drying tests, solubility tests, tensile 
tests and fatigue tests may also be 
employed. Field tests with the co- 
operation of the customer are fre- 
quently made to confirm or check 
the laboratory findings. 

The successful application of a 
high-temperature ceramic coating is 
dependent on correct processing and 
cleanliness. The coating will spall 
if the part to be coated is not en- 
tirely free of grease, oil, fingermarks 
and other foreign material. Parts to 
be coated should be cleaned by 
vapor degreasing and sandblasting. 

Some of the limitations of ceramic 
coatings may be overcome with 
cermet coatings which combine the 
high-temperature properties of the 
ceramic and the ductility of the 
metal. Aluminum coatings have also 
been used to decrease the oxidation 
of metals at elevated temperatures. 
Aluminum coatings may be applied 
by calorizing, plating, spraying, 
cladding or casting. These coatings 
have excellent erosion resistance and 
good resistance to thermal shock, 
mechanical shock, corrosion and 
oxidation. R. E. Locuen 
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best on every point 


...and among high speed steels 
the top performer is REX 


To leap the hurdle of competition, a product needs 
performance born of quality. And Crucible’s REX® 
high speed steel has it — in accurate size . . . sound 
uniform structure . . . dependable response to heat 
treatment ... optimum tool performance. 

Now, thanks to improved manufacturing tech- 
niques, REX is even better — more uniform. Put it 
to work on your next job, and you'll quickly know 
why REX is today, as it has always been — the 
standard by which all other high speed steels are 
compared. 

Call for REX at your local Crucible warehouse. 
Or order it directly for prompt mill delivery. And 
for a list of available data on REX and other 
Crucible special steels, write now for a free copy of 
the “Crucible Publication Catalog”. Crucible Steel 
Company of America, The Oliver Building, Mellen 
Square, Pittsburgh 22, Pa. 


E C LE| first name in special purpose steels 


Crucible Steel Company of America 


Canadian Distributor — Railway & Power Engineering Corp, tid 
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Evaluation of 
Metal Cutting 


Digest of “Metal - Cutting 
Evaluation”, by F. J. Daasch, 
American Society of Tool Engi- 
neers Preprint 24T19, 1956. 


ty years of metal-cutting re- 
search have served to emphasize 
the soundness of basic principles 
enunciated in the famous paper by 


Frederick W. Taylor, “On the Art 
of Metal Cutting”, presented before 
the A.S.M.E. in December 1906. 
The variables which affect produc- 
tion machining operations and labo- 
ratory experiments remain much the 
same and can be summarized as fol- 
lows: (a) the type, condition and 
rigidity of machine tools, (b) the 
composition and condition of the 
work material, (c) the composition 
of the cutting tools, (d) the kind of 


Scientists... 


Engineers 


A suggestion from 
Dr. Robert J. Creagan, 
Project Manager 


Westinghouse 


Commercial 
Atomic Power 


“The physicist’s role in the development of nuclear reactors is 
in analytical and experimental reactor physics, studying the 
problems of steady state reactivity and of reactor kinetics, 

“In addition, reactor control problems with respect to transients 
are important. The reactor control must be integrated with the 
transient response of the entire power plant. Mathematical anal- 
ysis using analog and digital computers is an important part of 
the work. We'd welcome an opportunity to discuss these inter- 
esting phases of our work with you.” 


An Experienced, Young, Fast-Growing Team 
CAPA—Commercial Atomic Power Activity—is the most dy- 
namic new division at Westinghouse. We're “‘fluid,” not fixed. 
Supervisory jobs open up fast! 

Our growth curve is bound to be steep—as electric power de- 
mand and atomic power production pyramid sharply. We're 
entirely commercial—not dependent on government contracts. 
Opportunities for advanced study at company expense. Get in 
on the “industry of tomorrow” today—at Westinghouse CAPA. 


... for Physicista « Physical Chemists « Chemical 
Engineers « Mechanical Engineers + Electrical 
Engineers + Designers + Metallurgists. 

Send résumé to: 
C. S. Southard, Westinghouse Commercial Atomic 
Power, Box 355, Dept. 113, Pittsburgh 30, Penna. 


WESTINGHOUSE 


FIRST IN ATOMIC POWER 


cutting fluids used, and (e) the con- 
ditions of the cut. 

How to reconcile these variables 
in any broad program concerned 
with evaluation of metal-cutting op- 
erations is no simple task. Much of 
the work in this field has been highly 
theoretical and at present there are 
still no definite standards of meas- 
urement applicable to all types of 
machining setups. However, most 
methods of studying metal cutting 
are based on one or more of the fol- 
lowing four factors: 

1. Life of the cutting tool. 

2. Cutting tool forces. 

3. Surface quality of the finished 

4. Power consumed in machining. 

The relative importance of the 
methods depends upon what arbi- 
trary basis of measurement has been 
adopted as a standard. 

Tool life generally is studied in 
accordance with the basic relation- 
ship that exists between cutting 
speed and tool life, that is, VT" = C, 
where V is cutting speed in ft. per 
min., T is the tool life in minutes 
and C is a constant. Researchers need 
to know more about the fundamen- 
tals of this relationship and of the 
values for the constant. 

A worthy contribution has been 
made to machining theory through 
the study of chip formation and the 
tool force system. Measurement of 
tool forces with the aid of dyna- 
mometers is of primary importance 
since it is closely related to previously 
listed variables such as work mate- 
rials, tool shape and machine rigidity. 

Further work on the method based 


upon power consumption appears to 


offer few attractions. Likewise, sur- 
face quality as an avenue of study 
seems to have doubtful possibilities, 
primarily because it is necessary to 
separate the effect of machining on 
the surface from the effect of metal- 
lurgical structure. 

A new apparatus developed to sim- 
plify the selection of metal-cutting 
conditions has been provided com- 
mercially in the form of an electric 
analog computer. It combines in a 
portable self-powered unit, a system 
of numerical readings and variables, 
and solves for any one of 14 vari- 
ables when fed information on 13. 
It will also consider five variables 
which affect horsepower require- 
ments and provide information on 
one if supplied the other four. These 
are the variables: unit horsepower, 
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Fisher Industries, Inc., Birmingham, Mich. 
used DESEGATIZED Olympic FM die 
steel because... 


] Excellent wear resistance of Olym- 
pic FM extended the normal life of 
the die. 


? An estimated 25-30% savings in 
machining costs has been exper- 
ienced with Olympic FM dies of 
this type. 


Die makers and users throughout the metal-working in- 


At Fisher Industries, Inc., Birmingham, Mich., dustry have found that Latrobe's Olympic FM die steel con- 
the Olympic FM die (shown above) blanks and sistently results in lower die production costs, superior mach 
forms universal clips from .031”-.037” zinc plated ined finishes, and longer production runs than comparable 
#4 Temper 1010 cold rolled steel. When photo- type die steels. One of Latrobe's DESEGATIZED® steels, 
graphs were taken, a total of 68,000,000 pieces had Olympic FM is a free-machining high carbon-high chromium 
been produced on a press operating at 330 strokes die steel...the improved machinability characteristics 
per minute fabricating 5 clips per stroke. resulting from the addition of alloy sulphides uniformly dis- 


persed by the DESEGATIZED® process of manufacture. 


For improved machinability and long production runs, 
order Olympic FM . . . Over 250 sizes are stocked in 


ten conveniently located warchouses. 


hi 
Olympic 
\\q 
produced 68,000,000 parts 
ready for morel 
LATROBE 
STEEL COMPANY | 


4 


_ Production Heat Treating | 
Techniques are Determined in 


HEVI DUTY FURNACES 


A large automotive and ord- 


nance manufacturer uses Hevi 


Duty high temperature furnaces in 
its metallurgical laboratory for de- 
termining production heat treating 
cycles. 


HEVI 


Dry Type Transformers 


156 


These furnaces provide the uniform 
heat needed in this important work. 
Temperatures are accurately con- 
trolled to 2600° F. For day in day 
out production or precision la- 
boratory work rugged Hevi Duty 
furnaces will meet your require- 
ments. Write for bulletin IND-741 
today. 


DUTY ELECTRIC COMPANY 


MILWAUKEE 1, 
Heat Treating Furnaces... Electric Exclusively 


WISCONSIN — 


Constant Current Regulators 


Metal Cutting . . . 


work material, microstructure, sur- 
face condition, hardness, cutting 
fluid, tool material, feed, flank wear 
land, tool profile, type of tool, num- 
ber of teeth, cutting speed and the 
tool life. 

Although metal-cutting research 
has progressed notably, the practic- 
ing individual has an urgent need 
for a better method of interpreting 
metal-cutting phenomena so that he 
can apply it accurately to a manu- 
facturing operation. 

Artuur H. ALLEN 


New Uses for Tin 


Digest of “An Old Metal Finds 
New Uses”, by Herbert E. 
Hirschland, presented at a meet- 
ing of the Commercial Chemical 
Development Assoc., May 1956. 


N WAS USED by man as long ago 

as 3500 B.C. The observation 
that this soft metal could impart 
considerable hardness to copper led 
to an early demand for tin. 

New uses for tin are still being 
developed. A number of these, par- 
ticularly in various chemical fields, 
are reviewed, 

The consumption of tin has flue- 
tuated considerably over the years 
due chiefly to two causes — the lack 
of domestic sources of tin and the 
unstable price picture. Both of these 
are gradually being brought under 
better control. 

The major uses of tin in the 
United States are tin plate, copper- 
base alloys, solder, babbitt and 
chemicals. Tin has a number of 
desirable properties which favor its 
use in the above applications. Fore- 
most among these is its nontoxic 
nature which permits widespread 
use as a coating for food containers 
and food-handling equipment. This 
has also led to a demand for the 
chemicals used in the tin-plating 
industry, such as stannous sulphate, 
stannous chloride, sodium stannate 
and potassium stannate. 

Also of importance is the softness 
of metallic tin which has led to its 
use as a lubricating film on aluminum 
automotive pistons and as a major 
constituent in bearing alloys. The 
low melting point of tin accounts 
for its use in soft solders. 

Apart from uses as opacifiers in 
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TEST PROVES QUENCHOLS 
HIGHER COOLING POWER! 


10-MINUTE DEMONSTRATION 


Compare any oil you now use with Sinclair 
QUENCHOL 521 in just 10 minutes! Right 
in your office or plant, Sinclair’s new 
Quenchol Demonstrator will give you an 
accurate comparison of relative cooling 
power .. . show you how QUENCHOL can 
save money in your quenching operations! 


A TYPICAL TEST SHOWS THESE RESULTS: 


OILS COMPARED COOLING POWER’ 


ROCKWELL C HARDNESS 
(SAE 1045 STEEL) 


Competitive Oil A 576 23.5 


Competitive Oil B 729 39.0 
Competitive Oil C 1024 41.0 
QUENCHOL 521 1369 54.5 


*Based on a recognized formula for determining relative cooling power 
value. Measured as the square of the current (i?max.) as recorded by 


Quenchol Demonstrator. 


ACTUAL PRODUCTION TOO...PROVES QUENCHOL SUPERIORITY ! 


In numerous production tests, QUENCHOL 521 has demonstrated its far superior 
quenching ability. All users report better results in the degree, depth, and uniformity 
of hardnesses obtained. Steels have included SAE 1035, 1040, 4140, etc. In many 
cases the superior results have been obtained while increasing working loads! More- 
over, QUENCHOL'S high sludge resistance, low acid formation characteristics and high 
quenching reserve keep it from deteriorating . . . extend QUENCHOL’S amazing cooling 
power with longer service life! 


For your own demonstration of QUENCHOL efficiency, and for more technical infor- 
mation on its properties, call your local Sinclair Representative . . . or write to 
Sinclair Refining Company, Technical Service Division, 600 Fifth Avenue, New 
York 20, N. Y. There's no obligation. 


‘leq METAL WORKING OILS 
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for prompt service and delivery on 
INDUSTRIAL WIRE CLOTH 


with mesh openings 


from this 


to this 


% 


in 9 weaves LET US FILL your next 
i der f ire cloth in « 
in any metal or alloy wie 


mesh or weave. Call your 


Cambridge Field Engineer 
in bulk or he’s listed under “Wire 


ric e a Cloth” in your classified 
fab at d P rts telephone book. OR, 
WRITE DIRECT for 

FREE 80-PAGE CATA- 

LOG and stock list giving 

Dept. B ; ‘ full range of wire cloth 

wiae METAL SPECIAL cation facilities and gives 


CONVEYOR METAL 
CLOTH gears useful metallurgical data, 


OFFICES IN PRINCIPAL INDUSTRIAL CITIES 


Uses for Tin... 


ceramic glazes, the chief applica- 
tions of tin chemicals are as stabi- 
lizers. For example, tin tetrachlo- 
ride is used to stabilize perfumes in 
soaps, stannous chloride to stabilize 
lead chromate-base paper colors, and 
sodium stannate to stabilize hydro- 
gen peroxide, The stabilizing influ- 
ence of tin has long been known. It 
was used as one of the ingredients in 
dyes made by several ancient civili- 
zations. 

More recent applications include 
the use of bismuth stannate to stabi- 
lize the capacitance of ceramic 
capacitors against temperature fluc- 
tuations, and the use of organotin 
chemicals to stabilize polyviny! chlo- 
ride plastics against the effects of 
heat and ultraviolet light. An appli- 
cation in the medicinal field which 
is receiving increasing attention is 
the use of stannous fluoride in 
dentifrices. 

Various tin chemicals are also find- 
ing application as fungicides and 
bactericides. Tributyl tin oxide, for 
example, is used to control slimes in 
the pulp and paper industry and in 
addition it provides mildew resist- 
ance to papers and boxboard. 

D. N. 


Aluminum Powder 
Metal Parts 


Digest of “Aluminum Powder 
Metallurgy Products”, by J. P. 
Lyle, Jr., presented at the 1956 
meeting of the Metal Powder 
Association. 


CONSIDERABLE development work 

has been carried out both in the 
United States and in Europe to 
evaluate the Swiss discovery that 
wrought aluminum made by powder 
metallurgical techniques has better 
elevated-temperature properties than 
the best of the wrought aluminum 
alloys. The advantages are a result 
of the presence of aluminum oxide in 
discrete uniformly dispersed particles 
which act to prevent slip. This 
phenomenon is much the same as 
that exhibited by precipitation hard- 
ening alloys but since the oxide 
particles are insoluble in the alumi- 
num, they cannot redissolve at 
elevated temperatures. Such ma- 
terials, therefore, are more stable at 
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FORGEABILITY 
MACHINABILITY 
HEAT TREATING PROPERTIES 


BALANCED T0 CUT YOUR COSTS 


STEEL 


Forging Quality Steel Bars 


Balance—the correct proportion of 
forgeability, machinability, and heat 
treating properties in forging steels— 
directly affects your profits. Balance of 
these properties reduces operating costs, 
and also produces higher-quality, 
finished forgings. 

Careful metallurgical control of every 
process from ore mine to finishing mill 
at J&L assures the production of 
forging steels with the correct balance 
of properties you require. 

Whether you produce rugged, heavy- 
duty forgings or lightweight, 
high-strength parts, J&L forging steels 
give the best results. Our staff of 
experienced metallurgists is available 
to help you establish the specifications 
to fit your need. Write or phone our 
nearest district office. 


Automotive Steering Knuckle Support 
forged from 1-15/16” Hot Rolled Round 
AIS! Grade 1340 


Jones & Laughlin 


STEEL CORPORATION - PITTSBURGH 


J&L FORGING STEELS EXACTLY TO SPECIFICATION 
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Aluminum Powder .. . 


elevated temperatures than the heat 
treatable alloys. 

Two APM (aluminum powder met- 
allurgy) alloys, M 257 and M 276, 
are compared to three wrought high- 
temperature aluminum alloys, 2024- 
T4, 2618-T61 and X 2219-T 6. 
At 400° F., the ultimate tensile 


strength and yield strength of the 


APM alloys are lower than those o! 


the three wrought alloys. Between 
400 and 600° F., however, both 
APM products are stronger than the 
conventional alloys. At 1000° F., 
the APM alloys are stronger than 
X 2219-T 6 at 700° F. The elonga- 
tion of the APM alloys is less than 
that of the conventional alloys and 
decreases with increasing tempera- 
ture which is just the reverse of the 
behavior of conventional materials. 
The short-time tensile properties of 
the APM alloys are relatively un- 


affected by time at temperature prior 
to testing. This is not true of the 
conventional alloys which show ap- 
preciable decrease in strength after 
heating at temperature for extended 
periods of time. 

The density of the APM alloys is 
somewhat less than the conventional 
alloys since the density of aluminum 
oxide is lower than the density of 
most alloying constituents in conven- 
tional alloys. The electrical and 
thermal conductivity of the APM 
alloys is, in general, somewhat 


4 higher than that of conventional 
: aluminum alloys. This is a distinct 
advantage in those applications 
where good elevated-temperature 


Need 
Large 
Hydraulic 
Cylinders? 


BUILT TO REQUIRED SIZES AND TOLERANCES BY 


TITUSVILLE FORGE 


Hydraulic cylinders combining the advan- 
tages of thoroughly hot worked steel and 
clean automatic welding are being fur- 
nished by Titusville. Such cylinders insure 
the user of better physical characteristics 
(hollow forged shell and flanged sections 
together with upset forged top or dome 
sections), freedom from leakage under 
pressure because of porosity and the com- 


Hollow forging for shell section 
being hot worked on mandrel. 


a Hollow and upset forgings assem- 
bled for automatic welding. 


3, Complete welded cylinder being 


rough turned in 80” engine lathe. 


strength and good thermal conduc- 
tivity are required. The coefficient 
of thermal expansion of the APM 
alloys is somewhat lower than that 
of the conventional alloys. 

Since alloy M 257 is more ductile 
than M 276, more emphasis has been 
placed on this alloy as far as fabrica- 
tion into intricate shapes is con- 
cerned, even though it is not quite 
as good as far as elevated-tempera- 
ture strength is concerned. Hollow 
extruded shapes and solid shapes 
with irregular contours have been 
successfully extruded. Die forgings 
have been produced, including a 
compressor disk approximately 21 in. 
in diameter and weighing about 33 
Ib. Various types of aircraft fittings, 
fan blades and compressor blades 
have also been forged from this ma- 
terial. Extruded tubing, impact ex- 
trusions and headed rivets and bolts 
are among the many types of parts 
that have been fabricated from alloy 
M 257. Sheet is rolled in commer- 
cial range of thicknesses in widths 
up to 48 in. and lengths up to 144 in. 

Flash welding gives high-strength 
joints in M 257 at bagh room and 
elevated temperature. Spot welding 
has been partially successful. Fusion 
methods of welding have resulted in 
some porosity. The joints are, of 
course, no stronger than the filler 
material which is not as strong as the 


plete elimination of costly repairs or re- Let Titusville Forge build your hydraulic 
jections. Fabrication is shown in photos cylinders—to your most exacting require- 
above. ments. 


base material at high temperature. 

The powder metallurgy alloys can 
be electroplated. Both hard chrom- 
ium plate and silver plate have been 
applied to these materials. They 
can be anodized, although informa- 
tion to date indicates that higher 
voltages are required than for ano- 
dizing the conventional alloys. 

A. S. Dory 


. 


STRUTHERS WELLS CORPORATION 


TITUSVILLE FORGE DIVISION 
TITUSVILLE, PA. 
PLANTS AT TITUSVILLE, PA., and WARREN, PA, 
Offices in Principal Cities 
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Metal Progress 


The Buyers Guide 
For Metals Engineers 


HEAT TREATING 
FURNACES 


for 
Every Heat Treating 
Process 


* 
CONTROLLED 
ATMOSPHERES 
* 
DIRECT FIRED 
* 
CIRC-AIR DRAW 
FURNACES 
* 
CIRC-AIR NICARB 


(CARBONITRIDING) 


0» 


Specially Engineered 
for 
Your Particular Needs 


GAS OIL © ELECTRIC 


76 Fremont Pi. * Detrely 7, Mid 


LIST NO 7 ON INFO-COUPON PAGE 167 
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Electric Furnace Co Conveyorized Brazing or Bright 
Anneolor with 22’ Cooling ond Exo Gen inside Work 
Dimensions. 18° Wide « 120" Long « 10” Clear — 
2100° 100KW 230V 


Cost $30,000. Our Price $9,800. 


© We Buy — Sell — Lease — Rent! 

® Specialists in Heat Treating — Melting 
Forging — Plating — Cleaning Equipment 

© 3000 Bargain Furnaces 

® Modification to Your Specs 

® Money Bock Guarantee! 

immediate Delivery! 

© 16,000 Sq. Ft Heated Warehouse 

© Warehouses in Major Cities 


PLEASE SEND YOUR REQUIREMENTS OR 
CALL COLLECT TOwnsend 8.6450 


Upton 


«+. OFFERS 


the most advanced 
Salt Bath Furnaces 


FOR.... 


BATCH 
CONVEY ORIZED 


ALUMINUM 
BRAZING 


with continuing 
graphite electrodes 


UPTON ELECTRIC FURNACE CO. 
30435 Groesbeck 
Roseville, Michigan 
Phone: Prescott 1-1200 
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PROBLEM MA 
WHATEVER YOUR HEAT TREATING PR Y BE SWIFT CASE 560 


LIQUID CARBURIZER 


FOR...A tougher, more dur- 


able case 
Industrial Furnaces . «there is a helpful Holden brochure that provides engineering .. Fast, free washin 
data and assistance for you. Let us send the booklets that relate to 
. your operations —without obligation, of course. Bulletin 200 covers ese Maximum versatility 

Salt Boths; 201—Pot Furnaces; 203—Cleaning and Descaling; 
204 —Pressure Nitriding Process; 205 —Industrial Furnaces and Completely water uble—tree washing 
New Luminous Wall Firing; 206 —Austempering and Martempering. even after quenching—higher hard 

ness with maximum toughness and surpris 

HOLDEN METALLURGICAL PRODUCTS GIVE ing production economy! 


YOU MORE FOR YOUR MONEY... REQUIRE 
LESS SUPERVISION...HAVE PROVEN PER- 
FORMANCE AND PROVEN GUARANTEES... 


_ THE A. F. HOLDEN COMPANY 


MANUFACTURING PLANTS 


Send today for technical data sheets 


INDUSTRIAL CHEMICAL CO. 
DETROIT, MICH @ LOS ANGELES, CALIF NEW HAVEN, Conton Connecticut 
(BRéadway 4 5405) (LUdlow 1.9153) (State 7.5865) 
LIST NO. 127 ON INFO-COUPON PAGE 169 LIST NO. 92 ON INFO-COUPON PAGE 169 


dyna -Tre ELECTRIC FURNACES 


FIRING 


FREE 


the QUENZINE STORY 


Low priced, more readily available carbon 
bry: steels can often replace alloy steels when 
. quenched in Beacon 
Quenching Oils with 
QUENZINE added. 
| $775.00 $887 50 this new additive and 
matic Controls Available on all Models 


Other Beacon Brand 
Heat Treating Com- 


MODEL P2472-1 


@ Infinite zone tem- @ element 
perature control holders 
@ Zone temperature in- @ infinite variety of 
dication by Pyrometer time-temperature 
’ Selector Switch, curves obtainable 
@ Automatic hold and @ Rugged construction 
cut-off instrument Highest quality insu 
; available lation used 
OVER 40 STANDARD MODELS * WRITE FOR LITERATURE ALDRIDGE 


INDUSTRIAL DIVISION 
NOUSTRIAL OILS, Inc. 


CHESTER 77, PA. 


LIST NO, 138 ON INFO.COUPON PAGE 167 


LIST NO. 2? ON INFO-COUPON PAGE 169 


STANWOOD HAS DESIGNED AND 
FABRICATED HEAT TREATING EQUIPMENT! 


We can say with pride thet no organization has had more experience than Stanwood. 
few have hed ot much experience—in producing basbets, trayt, crates, fistures, relerts 
Eerburizing bees, and other devices for handling parts through heat T 

quenching snd kindred operations. Stanwood engineers understand proper here sA 
application of heat ond corrosion resistant metals. We have solved problems for Stanwo d 

many firms over the years—we can undoubtedly help you. Send for Catalog. Rep 0 


resentative 
lanwood Gipotalion 
— 
4817 W. CORTLAND ST. S CHICAGO 39, ILLINOIS S 


CARBURIZING BASKETS TRAYS 
BOXES 


RETORTS 


LIST NO, 12 ON INFO-COUPON PAGE 169 
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way 
DO YOU ALLOW RAPID WEAR 
ON YOUR BUFFING FIXTURES 


when they can be FUSECOATED 
to last up to a year or more? We 
specialize in protective coatings for 
fixtures of all kinds and would like 
to add your name to our long list 
of regular customers. 


Write 


for our general information folder 
or send sample fixture or drawing 


of same to be FUSECOATED. 


Fusion Metal Coating Co. 
25493 West 8 Mile Rd. 
Detroit 19, Mich. 


LIST NO. 140 ON INFO-COUPON PAGE 169 


RUSTLIC 


QUEOQUS SYSTEMS 


Grade "B" 


FERROUS 
METAL PROCESSING 


Eliminates . . . 


Rust 

Fire Hazards 
Toxicity 
Dermatitis 
Degreasing 


Write for free sample and brochure 
Specify Grade 
ODUCTION SPECIALTIES, INC. 


755 BOYLSTON STREET 
BOSTON 16, MASS 


WHITELIGHT 


your comprehensive independent 
mill source of magnesium alloy 
Tubes © Rods © Shapes © Bars 
Hollow Extrusions © Plate Sheet 
Pipe Wire Welded and 
Riveted structures and assemblies 


WHITE METAL ROLLING 


& STAMPING CORP. 
82 Moultrie $t., Brooklyn 22, MN. Y. 


Sales Office 


376 Lafayette St., New York 3, N. Y. 


LIST NO. 67 ON INFO.-C 4 PAGE 169 
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More thar two thousend satisfied 
WILL TESTIFY YoU 


SAVE 3 WAYS 
WITH A LUCIFER FURNACE 


1—Save on First Cost 


CHECK THESE PRICES 
Furnace Size 2000 
6x12" $ 500 00 
750.00 


Su 
1000.00 
18x 18x36" 1500.00 
Complete with 100°: automatic 
electronic controls. 


2—Save on Man Hours 


Less operator attention needed—Lucifer controts 
are EXACT. They reach SPECIFIED heat rapidly 
and retain SPECIFIED temperature without varia- 
tion. No special experience required when you use 
a Lucifer Furnace 


3—Save on Maintenance 


Finest refractory materials are built inte Lucifer 
Furnaces for better, more efficient heat retention 
Elements are guaranteed, tong lived, trouble free. 
WRITE FOR FREE LITERATURE, specifications 
ond price list of Lucifer Furnaces in wide range 
of sizes—top loading and side loading + 
Engineering advice without obligation. 
wire or phone today 


UCI 


LIST NO. 122 INFO-CC 


UPON PAGE 169 


MANHATTAN 


Abrasive Wheels — Cut-off Wheels 
Finishing Wheels—Diamond Wheels 


Custom-made for your specific 
material removal problems 


Foundry Snagging—Billet 
Surfacing—Centeriess Grinding 
Cutting and Surfacing concrete 

granite, and marble 

“Moldises” for rotery sanders 

Grinding and Finishing 
stainless steel welds 
Bearing Race Grindiug 
and Finishing 
Finishing Tools and Cutlery 
Cutting-off—Wet or Dry Bars, Tub- 
ing, Structurals, etc. Foundry Cutting 
—standard and reinforced wheels 
Grinding Carbide Tipped Tools 


LIST NO 


1 ON INFO-COUPON PAGE 169 


Mere at WIRETEX we hove 
the most Medera rquipment ond 
tocitities for fobricating betkers and 
fixtures for olf your plating ond 
freating reqvirementt—to 
heat, or exposere in every 
wevve, metal ond allay 
Test our Service, Quality ond Price 
by sending ut « Sample Order 
Literotere available — ne obligation’ 


Wiretex nfs. 


K 
TOWNSEND ST». PASSAIC, 
tor WIRE BASKETS 
LIST NO. 114 ON INFO-COUPON PAGE 149 


JELLIFF .4 


for ALL Industrial Uses 


@ Degreasing @ Anodizing 
@ Pickling @ Plating 
@ Heat Treating 
@ Heavy Industrial Types 


QUEOUS SYSTEMS 


Grade “C-W-25" 


Non-flammable 
Non-toxic 


ANY SIZE AND SHAPE « ANY DUCTILE METAL 
Ask for Bulletin 28 


tHec.o. JELLIFF 
| MANUFACTURING CORP. 


Aqueous Oily Film 
Protects Ferrous Parts 
for long Periods 
Indoor Storage 


Write for free sample cand brochure 
Specify Grade ‘'C-W-.5"" 


ODUCTION SPECIALTIES, INC. 


4 755 BOYLSTON STREET on 
BOSTON 16, /AASS 


WESTERN METAL 
EXPOSITION 


Technic solutions, like Technic advisory 
service, set the standards for precious metal 
electroplating. 


TECHNIC, INC. 


39 Snow Street, Provipence, R. I. 
JAckson 1-4200 
Chicago Office: 7001 North Clark Street 


March 25 to 29, 1957 


Pan-Pacific Auditorium 


Los Angeles, Calif. 
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FOR INDUSTRIAL APPLICATIONS 


Developed specifically for industrial application, Sel-Rex Pre- 
cious Metals offer many advantages over conventional proc- 
esses. One gram of Sel-Rex BRIGHT GOLD, for example, does 
the job of 2 grams of regular 24 K. gold, because the deposits 
are more dense and twice as hard. Gives mirror bright finish 
directly from the bath, regardless of thickness requirements — 
eliminates costly scratch brushing, buffing and burnishing. 


Sel-Rex BRIGHT RHODIUM meets the need of today’s 
precise engineering applications with A. S. C.— Automatic 


by AMPHENOL 


Sel-Rex Precious Metals, Inc. 


Dept. 88, 229 Main Stree: 
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Belleville 9, 


Stress Compensation — a special technique which counteracts 
the high stress characteristics of conventional precious metal 
electroplates. Non dusting Sel-Rex Silver SOL-U-SALT is 
added directly to the plating bath, eliminating time consuming 
filtering or mixing — a cost cutting advantage exclusive 
with Sel-Rex. 
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TECHNIC 

| 
4 Precious Metal Processes 


FABRICATED MONEL 
PICKLING EQUIPMENT 


Hairpin Hooks Sheet Crates 


Microscopic Measurements 
\ of the 


¢ Mechanical Bar, Tube and Coil Picklers 


THE YOUNGSTOWN WELDING & ENGINEERING CO. 


YOUNGSTOWN, OHIO 


3721 OAKWOOD AVE. 
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SINCE 1923 


Circ Metal Cleaning Equipment CUTS costs 


CIRCO VAPOR DEGREASERS—large 
or small—automatic or manual oper- 


ation 


CIRCO METAL PARTS WASHERS— 


custom engineered to suit your pro- 


duction needs 


CIRCO-SONIC DEGREASERS — new- 
est development—cleaning by ultra- 
sonic vibration 


SAVE 
TIME anc 
TROUBLE 


Eliminate the Tedious 


IN | 
BRINELL | 
AND 
VICKERS | 
TESTS wy 


Machines with Carl 
Zeiss Automatic Pro- 
jection System 


\ INVESTIGATE 


Write for Bulletin Ne. 


\ 


GRIES INDUSTRIES, INC. 
‘Testing Machines Division 
NEW ROCHELLE'3,N Y 


OUPON PAGE 169 


DEPEND ON 


EQUIPMENT COMPANY 
119 Central Avenue, Clark (Rahway), N. J. 
Offices and warehouses in principal cities 


CIRCO-SOLV (Trichlorethylene) and 
PER-SOLV (Perchlorethylene) — high 
purity, low-cost solvents 


FREE! Write for 32-page CIRCO Degreasing Manual 
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BERYLLIUM 


New book contains papers and talks by 
39 experts. Subjects covered are: reduc- 
tion, processing and fabrication, proper- 
ties, the brittleness problem, metallog- 
raphy, corrosion, beryllium-rich alloys, 
cermets and ceramics, health hazards and 
analytical chemistry of beryllium. 


Price—$8.00 
AMERICAN SOCIETY FOR METALS 


7301 Euclid Ave. 
Cleveland 3, Ohio 


HARDNESS TESTING 
SHORE SCLEROSCOPE 


Pioneer American 
Standard Since 
1907 


Available in Model C-2 
(illustrated), or Model 
D dial indicating with 
equivalent Brinell & 
Rockwell C Hardness 
Numbers. May be used 
freehand or mounted on 
bench clamp. 


OVER 40,000 
IN USE 


SHORE INSTRUMENT & MFG. CO., INC. 
90-35M Von Wyck Exp., Jomaice 35, N.Y. 
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to meet your 


Du-Lite black oxide finishes for steel, 
stainless, copper, zinc or malleable iron 
provide a uniform, durable surface 
without altering the dimensions or physi- 
cal characteristics of the metal. That's 
why they are often specified right on 
the blueprint. 

And since the Du-Lite process is simple, 
flexible, and imposed at non-critical tem- 
peratures, you can depend on the results 
to meet your specifications— always. 
Du-Lite black oxide finishes also meet 
govt. specs. MIL-F-13924, superseding 
57-0-2C Type Ill Class A for steel and 
Class B for stainless (Type ti Class B and 
C phosphates), and MIL-P-12011, super- 
seding 51-70-1A pora. 22.03 Class C 
for Copper and Copper Alloys. 
Whatever your metal cleaning or finish- 
ing problem, consult— 


Du-bite 


FTOWN ‘AL CORP. 
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SOLVED with 


MAGNETIC ANALYSIS 
MULTI-PAETHOD EQUIPMENT 

Electronic Equipment for non-destruc- 
tive production inspection of steel bars, 
wire rod, and tubing for mechanical 
faults, variations in composition ond 
physical properties. Average inspection 
speed 


120 ft. per minute. 


Over 80 installations in steel mills 


and fabricating plants. 


MAGNETIC ANALYSIS 
SPECIAL EQUIPMENT 


Electronic Equipment for non-destruc- 


tive pr dssoti 


of both non- 


magnetic stainless end high temperature 
steel bers and tubing—seomless or 
welded —as well as non-ferrous bars and 


tubing. Mechani 


1 faults, variati in 


composition and physical properties are 

detected simultaneously. Average 

inspection speed 200 ft. per minute. 
Over 30 installations in mills and 


fabricating plants. 


MAGNETIC ANALYSIS 
COMPARATORS AND METAL TESTERS 


Electronic Instruments for production 
sorting both ferrous and non-ferrous 
materials and parts for variation in 
composition, structure and thickness of 
sheet and plating. 


MAGNETIC ANALYSIS 
DEMAGNETIZERS 


Electrical Equipment for rapid and 
efficient demagnetizing of steel bors 
and tubing. When used with Magnetic 
Analysis Multi-Method Equipment, in- 
tpection and demagnetizing can be 


done in a single operation. 


MAGNETIC ANALYSIS 
MAGNETISM DETECTORS 


bet 
ive p 


cating | residual 


meters for indi- 


“i 


materials and parts, 


For Details Write: 


in ferrous 


MAGNETIC ANALYSIS CORP. 
42-44 Twellth St., Long Island City 1, ¥ 
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“THE TEST TELLS” 


Patent Pending 


Accurate tensile specimens machined 
from sheet and plate materials 
to 500 inch 

in less than three minutes 


MACHINES METALS AND NON-METALLICS 


Copper—Stecl—Aluminum 


Titanium _ 17-7 Stainless Brass 
bdenum 
Fiber Glass Rubber Aerylies 


TYPICAL USERS OF TENSILKUT 
Bethlehem Steel Republic Alreraft 
American Brase—Chrysler 
General Electric Douglas Aireraft 

Redstone Arsenal—DuPont 

Pratt & Whitney 
Minnesota Mining—I 

Acme Steel _ 


U.S. Naval Ordnance 


Crucible U.S. Steel 


FOUR MODELS NOW AVAILABLE 


Capacities te 125”, 250", Soo” 


STEBURG INDUSTRIES 


INCORPORATED 
HORSE PLAIN ROAD 3 @ NEW BRITAIN, CONN. 
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BARBER 


Impressor 


for quick, on-the-spot hardness testing 
of non-ferrous metals and plastics 


Simple to operate . . . gives an instant, depend- 
able measure of hardness Operates on principle 
of forcing a spring-loaded indemer into the sur- 
face with the amount of penetration registering 
on a dial indicator. Can be used in any position 

. tamper proof compact .. . rugged, yer 
weighs only 12 oz. Thousands used by industry. 
Write today for complete details. 


Barber -Colman Compa 


Dept. J, 1218 Rock St., Rockford, Illinois 
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Applies 1 to 10,000 gram loads 
Write for Bulletin 
Kent Cliff Laboratories Div. 
The Torsion Bal Company 
CLIFTON NEW JERSEY 
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THE 500 LB. CAPACITY 


highly 


investigate 
Weighing and Calibrating Sys- 


MOREHOUSE 


PROVING RING! * 


National Bureau of Standards Certified 


Available in both compression 


and tension types. 


This newest Morehouse Proving Ring brings depend- 
able accuracy to the calibration of mechanical-force- 
indicating 
(from 


Like 


devices in the lower capacity range 


50 to 500 Ihs.). 


all Morehouse 
model is backed by more than 30 years of precision 


Proving Rings, this 500-Ib. 


instrument manufacture in this 
specialized field. As- 
sures accuracy within 1/10th 
of 1% 


Also 


Morehouse 


tems, Ring Dynamometers, 
NOW IT’S HERE! Calibrating Machines, and the 
Morehouse Consulting Service. WJ 

Write for FREE illustrated 


complete-line catalog. 


REHOUSE MACHINE COMPANY 


“World Leader in Precision Calibration” 


York, Pennsylvania 
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Dyeline—oa new two-stage inspection 
process for all non-porous materials 
No skilled operctor or expensive 
equipment necessary! Just spray 
Dye ne, follow with Dye ine Detect 
or, and the exact location, type and 
extent of defects appeor sharply and 
clearly on an opaque background! 
No solvent required—water removes 
Dyeline immediately 


DYELINE INSPECTION PROCESS aso. 


ZIP SPEED LACQUER — 
Identifies all materials 
with a quick color-coding 
process 

ZIP RUST STOPPER 
Protects metal ports for 
storage 

ZIP RUST STOPPER 
Protects ports left in 
machinery for further 
Processing, removes fin- 
gerprints 


WRITE FOR DETAILS 


ZACO 
LABORATORIES 


1360 W 9th St + Clev 


eland 13, Ohie 


ZIP PATTERN LAYOUT 
FLUID—Shows up scribed 
patterns strongly 

ZIP STENCIL INK—OQuick 
drying—excellent on car- 
fons and metals 

ZIP BELT LUBE—Prolongs 
belt life, promotes safety 
and speed 


AGE 169 


Rapid, Accurate, Non-Destructive 


VIDIGAGE 


14” or 21” 


and 2.5”; accuracy 0.1% to 1.0% 


Cathode-Ray Screen with 
direct-reading scales between 0.005” 


AUDIGAGE 


Portable Thickness Testers for ranges 
from 0.020" to 4” or 0.060" to 12” 
of steel; accuracy up to 1.0% 


Detect Laminar Flaws and Lack of Bond 


BRANSON, 
INSTRUMENTS, inc. 
6 Brown House Rd., Stamford, Connecticut __ 
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the TRUE TEST is 


Abrasion 
TESTER 


Tests wear resistance of metal, plos- 
tic, paint, rubber, leather, paper, 
foil, etc. With average technical 
experience, anyone con make o 
scientific, comparative abrasion re- 
sistance test with this instrument 


Stiffuevs 


Determines the 

initial, basic stiff- 

ness or resilience 

of sheet and wire 

specimens. Eight 

fest ranges pro. 

vide wide application. Test length, 
angle of deflection, rate of loading 
all standardized for accurate re- 
sults between laboratories. Scale 
calibrated in gram centimeters. 


Write for Illustrated Literoture, 
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Choice of the proper alloy or type of 
wire is not alwoys a life or death motter. 
Yet it could be —and it is important to 
select the right wire — properly drawn. 


BERYLLIUM COPPER TITANIUM 
PHOSPHOR BRONZE ALUMINUM 
OTHER NON-FERROUS 
Send for descriptive folder. 


LITTLE FALLS ALLOYS 


RPORATEDO 


Coldwell Paterson 1, N. J 
66 ON INFO-COUPON PAGE 169 
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Engineering Data on MOLYKOTE lubricants 
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CORPORATION 


Main Factor 


Avenue, Ytarmtord 
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North R 


tic Welding . . 
* Coated, Straightened 


@ All Analyses 
Cut Coiled and Spooled 


Avtoma 
Phone: MOntrose 2-6100 


21830 Miles Avenue 
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Machine Parts Suffering from 
EXTREME PRESSURE? 
.\EXTREME HEAT? 


THE ULTIMATE 
LUBRICANT FOR 
EXTREME HEAT AND 
PRESSURE APPLICATIONS 


ANTI-SEIZE has incomparable lubri- 
ities of tempe 


cating qual 

below sub-zero and up to 

750 F. Wt is so versatile 

fo maintenance man or industrial 
plant should be without it. 


Molylube ANTI-SEIZE is 

staple, non-meiting, multi-purpase 
lubricant with a phenomenal 
capacity to prevent seizing and 
galling ot bearing pressures 

well over 100,000 psi 


AMONG HUNDREDS OF 

APPLICATIONS, MOLY. 

LUBE ANTI-SEIZE 15 

OUTSTANDING AS A: - 

RUNNING-IN LUBRICANT > 

ACID RESISTANT 

LUBRICANT 

PRE-LUBRICANT FREE 

IN ASSEMBLIES are confident 

HEAT REDUCER of ANTI-SEIZE's 

IN HOT RUNNING Performance thoy 

BEARINGS we want you to 

our sample tub 

Gt no cost or 

WRITE 10 DEPT. p 

FOR FREE Sampye 

AND LATEST CaTaLog 

famous for the "MOLYLUBE" Series 
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A PROVEN 
DEPENDABLE SOURCE 


FOR BETTER GRADE INVESTMENT 
CASTINGS IN FERROUS AND 
NON-FERROUS METALS 


Special Feature 

— Nickel content 

held to 35% min- 
imum — 36% 


maximum 


STAINLESS STEEL PART for milk 
bottling unit formerly machined 


from solid stock. 
Only finish oper- 
ations required 
are reaming small 
dia. of counter. 
bored hole and 
drilling and tap- 


ping for set screw. 


ENGINEERED 


PRECISION CASTING 


WRITE, WIRE or PHONE 
FOR YOUR CATALOG 


Stainicss 
we have 
clean 


Gran sraintess scarw co. 


> 


647 Union Bivd., Paterson 2, N. J. 
— Telephone: Little Falls 4.2300 
Direct NEW YORK ‘phone W!7-904) 


LIST NO. 99 ON INFO-COUPON PAGE 169 


A CABLE SPLICED 
IN 10 SECONDS! 


ERICO PRODUCTS, INC. 
Complete Arc Welding Accessories 


2070 E. Gist Place, Cleveland 3, Ohio 


Write for Caddy Catalog 
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GET A BID FROM 


HOOVER 


SPECIALISTS IN THE FIELD OF 


Die Castings Bondable Teflon’ and Rulon’ 


SINCE 1922 


in tape, film, other forms 


Most people thought Teflon and Rulon could never be strongly bonded 
or cemented to other materials. No solvents affect them no common 
chemicals attack them they are extremely slippery and non-adhesive. 


Dixon is now supplying Bondable Teflon and Rulon — and in thin 
strips and film that may greatly reduce your costs. 

Write for 8 page bulletin 

*Dupont’s tetrafluorocthylene resin 


vurnoovercommmy | DIXON Corporation 


Die Castings Division 
North Canton, Ohio BRISTOL 2, RHODE ISLAND 
LIST NO. 74 ON INFO-COUPON BELOW, 
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The 1955 Supplement to = — : DO YOU HAVE AN IDEA... 
the Metals Handbook 


@ 200 Large Pages 
@ 214 Tables 
@ 256 Charts 


© 411 Mlustrations 

THAT SOME FUNCTIONAL 

METAL PART COULD BE 
MADE BETTER OR CHEAPER 

Red 

Gus chapes loomed, with high BY ALUMINUM EXTRUDING? 


degree of accuracy, trom ferrous or ; i 
Clothbound 1955 Supplement con- ferrous metals. Wrile for Catalog No. 1083. er 


tains sections on Sheet Steel, Press to new functional ports opplica- 


Forming Dies, Gray Cast Iron, tions. G.E.1.'s engineers are 
Stainless Steel, Aluminum Alloy ready to consult with you, with- 
Helical Steel Springs, Surface Fin- 


ish, Residual Stresses, Electro- 3761 OAKWOOD AVE. * YOUNGSTOWN, OWI0 GENERAL EXTRUSIONS, INC. 
plated Coatings, Induction Hard- 4040 LAKE PAGE VOUNSSIOWN, 


ening, Flame Hardening, Gas LIST NO. 101 ON INFO-COUPON BELOW. LIST NO. 141 ON INFO 
Carburizing, Control of Surface 
Carbon, Heat Treating of Tool 
Steel, Manual Arc Welding, Metal 
Cleaning Costs, Creep, Radio- 
graphy, Macro-Etching. 

Each article gives a comprehensive 
coverage of its subject prepared 
by 19 ASM technical committees 
made up of 179 outstanding en- 
gineers. Price is $4.00 to ASM 
members, $6.00 to nonmembers. 


READERS’ INFO-COUPON SERVICE, METAL PROGRESS 
7301 Euclid Avenue, Cleveland 3, Ohio 


Please send further information, as checked ot the right, on the advertisements in the 
Bulletin Board with numbers | hove listed below — 


(Please check) 


Send Catalog Neorest 
or Engineer- Source of 
ing Data Supply 
| 
American Society for Metals ‘a 
Room 790, 7325 Euclid Ave. 
Cleveland 3, Ohio 


Please rush me the 1955 Supplement to the Metals 
Handbook 


Bulletin Board item Number) 


J 
J 
J 


Zone State 
Check enciosed ©) Bill me Bill my company 


DECEMBER 1956 


= 
5 5 
. Your Name Tithe 
| Company 
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‘ °~TABLES 


to help you select 
the proper alloy for 


K trom pages 6 and 7 of ovr new General Catalog. No. 3354-G 


— and there’s lots more useful information about high alloy castings in our 
ese up-to-date catalog describing Duraloy Service. SEND FOR YOUR COPY. 


As one of the pioneers in both static (1922) and centrifugal (1931) high alloy 
castings, we have a wealth of experience to focus on your high alloy casting 
problem. Send for our catalog, study it, and then let us help you get the best 
alloying combination to solve your corrosion, high temperature and/or 
abrasion problem. 


COMPANY 


CE AND PLANT: Scottdale, Pa 
12 East Street, New York 17,.N.Y 
DETROIT OF 23906 Woodward Avenue, Pleasant Ridge 
. CHICAGO OFFICE. 332 South Michigan Avenue 


Cracking in 
Carburized Parts 


Digest of “Causes of Crack- 
ing in Carburized Parts and 
Measures for Preventing Them”, 
by E. I. Malinkina, Metallove- 
denie i Obrabotka Metallov, 
1955, No. 4, p. 39-47; No. 5, 
p. 24-28. 


ne cause of cracking in carbu- 

rized parts is internal stress; there- 
fore it is necessary to consider the 
magnitude of the stresses which can 
develop from various sources. For 
this purpose, the author has found 
it convenient to treat internal and 
surface cracks separately. 

Internal cracks do not occur on 
uniform cylindrical or flat surfaces. 
This practical observation is in agree- 
ment with measured stresses in 
quenched carburized cylinders, for 
although internal tensile stresses 
were found, they were less than 
15,000 psi. in magnitude. Thus, in- 
ternal cracks can occur only at irreg- 
ular sections where there are stress 
concentrations. Usually when crack- 
ing occurs the carburized layer is at 
least 0.060 in. thick and the core has 
a coarse acicular structure with a 
hardness of C-43 or higher. Internal 
cracks will continue into the core if 
the core hardness is greater than 
C-45. Two effective measures for 
preventing internal cracks are the 
use of fillets to decrease the sharp- 
ness of changes in section and im- 
mediate tempering after quenching 
to reduce the internal stresses. 

The author believes that surface 
cracking is not as well understood 
as internal cracking, and most of his 
two papers is devoted to a new ap- 
proach to the problem of surface 
cracking. The usual isothermal de- 
composition diagrams are not suit- 
able for predicting the course of 
austenite decomposition in a Car- 
burized part because of the variation 
in carbon content from the surface to 
the core. Therefore, a new kind of 
diagram was plotted using data ob- 
tained from specimens carburized to 
a depth of 0,060 in. Thin wafers 
cut from the carburized stock were 
austenitized at 1630° F. and then 
allowed to transform isothermally 
at various temperatures from 1270 
to 840° F. The data obtained in this 
manner were plotted for carbon con- 
tent as a function of the time to pro- 
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Airplane Builder's Change to Bearcat 
Increases Life of Rivet Sets 5 Times 


At the Wichita, Kans., plant of Boeing Airplane Company, rivet sets used on 
the B-47 and B-52, as well as other types of aireraft, had been providing 
satisfactory results. But, Boeing engineers reasoned, by checking the perform- 
ance of other grades of tool steel in the same application, they might diseover 
a tool steel that could do a better, more economical job. 

So they ordered Bearcat, from Ford Steel Company, their Bethlehem tool- 
steel distributor in St. Louis. The results were impressive. The Beareat sets 
gave five times longer service life then the sets previously used. In addition, 
the heads also drove down better, thus minimizing time lost in reworking, 
and facilitating ready acceptance by Boeing inspectors. Besides, with Beareat’'s 
superior finish, there was less surface pick-up. 

Bearcat is our super-tough, air-hardening general-purpose grade. It has 
exceptional resistance both to shock and to wear. Its air-hardening character- 
istic minimizes quenching hazards, and provides excellent resistance to distor- 
tion in heat-treatment. 

In addition to rivet-set applications, Beareat ean be used advantageously 
for punches, chisels, hot headers, gripper dies and master hobs, as well as for 
dies used in btanking and bending, and eold-forming. 

If you'd like to know more about Beareat, or perhaps try it out in your 
shop, just get in touch with the nearest Bethlehem tool-steel distributor. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, P A. 


BETHLEHEM TOOL STEEL ENGINEER ASKS: 


How Hard Should Tools Be? 


It is sometimes difficult to determine the best hardness for certain tools. 
As all tools are subjected to wear it is ordinarily desirable to use the high 
est possible hardness. With most tools, this causes brittleness or breakage, 
making some compromise necessary. Generally speaking, tool hardness 
should be lowered from the maximum to a degree which causes the tools 
to consistently wear out in service, rather than fracture. The optimum 
hardness for a given type of tool often varies considerably, depending 
upon the operating conditions. However, here are the average hardnesses 
of commonly used tools: 


HARDNESS 
TOOL C 
High-speed steel, metal-cutting tools, single point 65 
High speed steel, metal-cutting tools, multiple point 63 
Blanking dies 60 
Forming dies 60 
Drawing dies, hardened all over 60 
Drawing dies, bore hardened only - 66 
Gages 60 
Shock-resisting tools (punches, ete.) 5s 
Hot- work tools 40/50 
Cold shear blades oo 
Hot shear blades 45 
Tools subjected to max tensile loads (cylinders, containers, ete.) 53 


Tools subjected to max compressive loads (plungers, punches, ete.) 60/65 


These hardness figures should be used as a guide only, because for indi 
vidual jobs the required hardness may be slightly higher or lower, depend- 
ing upon circumstances. 


eel 


brea! Corporation 


Tool Steel Color Film 
An Award Winner 


“Teamwork,” Bethlehem's 16-mm color tilm 


on tool steel, received an award for excel 
lence in the sales promotion field at the 
recent Columbus Film Festival, held at 
(Columbus, Ohio. The film, being reeeived 
enthusiastically in all parts of the country, 
shows the manufacture of Bethlehem tool 
steels, and explains the reasons behind their 
quality control and heat-treatment. Typical 
appleations of various grades are included, 

The pieture runs for 50 minutes, It is 
available for showings to machinists, die 
makers, heat-treaters, machine-tool manu 
facturers and distributors, Its subject mat 
ter makes it excellent for technical society 
meetings, and for showings to engineering 
student groups 

If you would like to see “Teamwork,” 
drop a line to Publications Department, 
Kiocom 1001, Bethlehem Steel ¢ ompany, 
Bethlehem, Pa. If possible, please seleet a 
showing date well in advanee, to permit 


adequate time for seheduling and shipping 
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WHEELOCK, LOVEJOY & COMPANY, INC. 


1230 Marquette Street, Ohio 


WHEELOCK, LOVEJOY & COMPANY, INC. 


1855 So. Kilbourn Avenue, ilinois 


WHEELOCK, LOVEJOY & COMPANY, INC. 


265 Peansylvania Avenue, New Jersey 


WHEELOCK, LOVEJOY & COMPANY, INC. 


12989 Greeley Avenue, [tO Michigan 


y 


4 WAREHOUSES AT YOUR SERVICE 


You'll get quick action on your order for alloy steel bars, billets 
or forgings ...no matter what size, shape or heat treatment you 
require ... when you call any one of our seven warehouses. 

All seven are conveniently located in principal industrial areas. 

Each is staffed by expert metallurgists, and is well-stocked to 
give you speedy service. 

Fill your current needs by ordering our own HY-TEN steels, the 
“standard steels of tomorrow”, or standard AISI or SAE grades. 

Or write today to our Cambridge office for your free Wheelock, 
Lovejoy Data Sheets. They contain complete technical information 
on grades, applications, physical properties, tests, heat treating, etc. 


In Canada; Sanderson - Newbould, Ltd., Montreal and Toronto 


WHEELOCK, LOVEJOY & COMPANY, INC. 


144 Milton Street, [UT New York 


WHEELOCK, LOVEJOY & COMPANY, INC, 


4524 W. Mitchell Avenue, (EEE Ohio 


HOME OFFICE: 


WHEELOCK, LOVEJOY & COMPANY, INC, 


134 Sidney Street, [RVITITEDY Massachusetts 


Carburizing . . . 


duce such decomposition products 
as ferrite or troostite at various trans- 
formation temperatures. 

At 1270° F., austenite begins to 
decompose quickly (that is, in about 
| min.) at carbon contents above 
1.0% and below 0.5%. At 0.6% car- 
bon, on the other hand, decomposi- 
tion does not begin for about 15 
min. Because of these differences in 
rate of reaction at various positions 
in the carburized layer, it is clear 
that a nonuniform microstructure 
can be produced at certain cooling 
rates, Specifically, during air cooling 
of a carburized steel, it was found 
that troostite formed in the surface 
layer and martensite formed in a 
lower layer. This combination pro- 
duces surface tensile stresses which 
can lead to surface cracking. This 
trouble was avoided by increasing 
or decreasing the rate of cooling. 

The approach to the control of 
surface cracking presented here is 
a general one but it is clear that the 
dangerous rate of cooling will vary 
for different alloys. 

A. G. Guy 


Dephosphorization 
With Moist Hydrogen 


Digest of “Dephosphorization 
of Alloys by Hydrogen”, by P. C. 
Ghosh and B. Chatterjee, Jour- 
nal of the Iron & Steel Institute, 
Vol. 182, February 1956, p. 153 
to 155. 
HE COMPARATIVE dephosphoriza- 
tion of phosphor copper, ferro- 
phosphorus and a high-phosphorus 
cast iron by wet and dry hydrogen 
and nitrogen was investigated from 
930 to 1830° F. The materials 
studied contained 14, 26.6 and 1.1% 
phosphorus, respectively. 
Experimental procedure consisted 
of placing 5-g. samples of the pow- 
dered alloys in boats in a quartz 
tube furnace and then passing the 
gases over the sample after the fur- 
nace had been adjusted to the de- 
sired temperature. Hydrogen is more 
effective in removing phosphorus 
from the alloys than nitrogen, and 
moisture in the gas enhances the 
rate of dephosphorization. A distinct 
smell of phosphine is perceptible in 
the exit gases only when dry hydro- 
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BASE IRON — 3.24% TC, 0.67% CC, 1.68% Si, 0.71% Mn, 0.17% P, 0.09% § SECTION SIZE — 1.2-in, dia. 
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Note how additions of moly, up to 1.5%, produce proportional much more slowly. It means higher strengths can be used with 
improvements in strength. And, with moly, hardness increases less danger of impaired machinability 


each Moly adds 7000 psi 
strength cast iron... 


\ litthe moly adds a lot of strength — for molybdenum With most grades of cast iron, moly requires no change 


increases strength more than any other common alloying in the character of the charge, normal melting practice 


element, with the exception of small vanadium additions or the base metal. And foundrymen like the fact that the 


A rule of thumb is that fifty points of moly raise tensile small additions necessary may be made at the spout o1 
strength 7000 psi. And without sacrificing toughness in the ladle 


Actually, moly improves toughness at least as much as 
: mm) nie 8 Write now for “Why Moly Iron”. It's the full story of 


how and why moly adds strength faster than hardness 


strength 


What's more, versatile moly aids in obtaining uniform how it increases fatigue and torsional strength—in short 


response to heat treatment... and in producing machin- why moly makes better cast iron. Climax Molybdenum 


able, growth-resistant castings. Moly is easy to use, too, Co.. Dept 5. 500 Fifth Avenue. New York 36, N. Y. 
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Dephosphorization . . . 


gen is used, Tests for phosphine 
were not performed when cast iron 
was used because hydrogen sulphide, 
formed in the interaction between 
hydrogen and sulphur in cast iron, 
would react with the reagents and 
change the color of the precipitate. 

If it is assumed that nitrogen is 
an inert gas and that the observed 
loss of phosphorus when using dry 


nitrogen is due to volatilization, the 
minimum phosphorus vapor pres- 
sure over ferrophosphorus is about 
10°* atm. This value is very high 
compared with that calculated from 
thermodynamic data on phosphides. 
It is assumed that phosphorus forms 
a nitride (P,;N,) and although it 
will be almost completely dissociated 
at 1830° F., its formation may be 
the reason for the high minimum 
phosphorus vapor pressure over fer- 
rophosphorus noted in the present 


Increase Production and Lower Costs 


with 
Loftus 6O Cycle Induction Heating Furnaces 


Heating of ferrous and non-ferrous 
metals for rolling, forging or extrusion 
operations is quick, clean and eco- 
nomical with Loftus 60 Cycle Induc- 


Photo Courtesy Revere Copper and Brass, Inc. 


@ Automatic charging and discharging. 
@ Minimum maintenance. 
® Modern, fast, uniform heating. 


, @ Elimination of lost time and labor for bring- 
ing furnace and load up to temperature. 


® Surface is practically scale-free. 


tion Heaters. Check the advantages 
listed above and you'll readily under- 
stand why it pays big dividends to 
use this modern method of heating. 


We would welcome an opportunity to quote on your requirements, 


GALES OFFICES IN PRINCIPAL CES 
22° 


610 Smithfield Street, Pitteburgn 22, Pa. 
140 6. Dearborn Gtreet, Chicago, til.’ 


investigation. The ferrophosphorus 
used probably has the composition 
Fe.P and X, X being an alloy of 
unknown composition which may 
have some effect, even if small, on 
the observed high minimum phos- 
phorus vapor pressure. 

It is obvious that wet hydrogen 
yields the greatest amount of de- 
phosphorization. When the gases 
leaving the furnace are passed 
through various reagent solutions, 
phosphine is present with dry hydro- 
gen while this poisonous gas is en- 
tirely absent when wet hydrogen 
was used, The phosphine is prob- 
ably oxidized to the pentoxide in the 
presence of water as indicated by 
the presence of phosphoric acid in 
the effluent gases. 

E. C. Wricur 


Hardenability of 
Gray Iron 


Digest of “Effect of Section 
Size on the Quenching Sensitiv- 
ity of Grey Cast Iron”, by A. D. 
Lamb, Journal of Research ard 
Development, British Cast Iron 
Research Association, Vol. 6, 
April 1956, p. 184-194. 


HILE ALLOYS 
known to improve the harden- 
ability of gray iron, little has been 
ascertained about the effect of sec- 
tion size. To develop such data, 
experiments have been carried out 
on 2.1 and 4-in. diameter bars of 
plain iron and two alloyed irons. 

Three 300-lb. melts were made 
and from each of these, three small 
and three large bars were cast in 
green sand molds, all measuring 16 
in. long plus a feeder head. Charges 
were made up from a single analy- 
sis of pig iron and in each of the 
three melts the composition was ad- 
justed by the addition of ferrosilicon 
and ferromanganese. Nickel-molyb- 
denum additions were made to the 
second melt and copper-molybde- 
num to the third. 

Two 2.1-in. and two 4-in. diam- 
eter bars were taken from the set of 
six bars poured for each of the three 
melts. To eliminate the effect of 
variation in mechanical properties 
between the top and bottom of the 
bar, each was cut in half and the 
top of one and the bottom of the 
other used to prepare tensile speci- 
mens. The latter were of two sizes, 
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Makes no difference what you make or buy or sell. . . 
if it needs “seeing into” for quality control, radiography 
(gamma or x-ray) can probably profit you. 


Talk it over with your local Picker representative * or write us 

outlining your problem and, if possible, sending typical samples. 

We'll make tests and tell you frankly whether radiography holds any PICKER X-RAY CORPORATION 
25 Sevth Breedwey, White Plein, 


promise for you. Costs you nothing to find out... maybe 


it's costing you a great deal right now NOT TO. 
* There’s probably o Picker district office near you (see local ‘phone book). 
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AIR HARDENING 


REPRESENTATIVES For Most Types of Tools and Dies Such As... 
GRAND NEB. BLANKING @ FORMING DRAWING @ TRIMMING (Hot or Co'd) 
CUTTING @ SLOTTING @ PLASTIC MOLD @ THREAD ROLLER 

GRAND RAPIDS 8. MICH. FORMING ROLLS @ SHEAR BLADES @ MANDRELS @ PUNCHES 
706 Ethel Ave. 8.€ MASTER TOOLS @ GAUGES 
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2001 Washington to t between” standard oil hardening and high-carbon 
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45) Howard Ave. jobs where production runs do not 
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LT GARE City 9. Uy. demand use of high carbon high 
SOUTH GENO 16. chromium steels, relatively easier 
Heat Treat, ine. machining and grinding is required 

1391 North Side Biv. and very low hardening defurmation 

is essential due to design or shape. 

DUMORE has impact resistance, and 
consequently resists considerable die shock. 
A wide range of draws up to 1000° F. are 


applicable to produce the generally used 
range of hardnesses. 


Eagle River, Mich. 
Supplied fully annealed in standard 
tn Jonge 2, tnd. 
buf bar stock sizes, solid rounds, hollow 


“ae we. rounds, squares, flats and forgings. 
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TUBELESS, MULTI-LOAD 
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‘ Stepless Controllers by WEST. One 
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*% Closest Control * Manual Reset 


*% Simplest Operation — 
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* Least Maintenance 


*% Save power 
* Prolong Heater Life 
*% Adjustable Band 


Write for Bulletin JS 


Canadian Representatives: 
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0.399 in. and 0.564 in. in diameter, 
cut from across the center line of 
the bars, five from the larger bars 
and two (center and edge) from the 
smaller bars. 

Hardness measurements were 
taken on the shoulders of the tensile 
specimens after breaking. As might 
he expected, tensile strengths and 
hardnesses varied unimportantly be- 
tween the top and bottom speci- 
mens but were somewhat higher on 
the outside area of the cast bar than 
toward the center. In general, the 
same was true of the as-cast alloyed 
samples. 

Heat treatment of samples of the 
three irons followed this procedure: 
The bars were heated in a gas-fired 
furnace and soaked all night at 570° 
F., followed by 1% hr. at 1200° F. 
and then an increase in temperature 
to 1600° F. in 40 min. for a 30-min. 
soak. Castings were oil quenched 
in a large tank and allowed to cool 
in the oil. Flats were ground on the 
sides for hardness readings. Quench- 
ing was followed by tempering at 
1020° F. 

Typical hardness readings on the 
unalloyed 0.399-in. diameter bars as- 
quenched were Brinell 429 on top 
sections and 444 on bottom sections; 
after tempering, Brinell 297 on top 
sections and 295 on bottom pieces. 
On specimens from the 4-in. bars, 
similar averages were Brinell 352 on 
top and 363 on the bottom as- 
quenched; 282 top and 265 bottom 
after tempering. No significant con- 
clusions could be drawn from these 
scattered readings. 

On oil quenched and tempered 
bars of 0.798-in. diameter machined 
from the centers of the as-cast speci- 
mens, tensile tests showed a slightly 
higher value than those taken from 
near the edge, but this might be ex- 
plained easily by the usual scatter 
experienced with several bars of 
identical composition and treatment. 
On the other hand, the section sen- 
sitivity of the smaller diameter bars 
might be slightly more pronounced, 
which would account for the in- 
creased tensile strength. 

Averages of tensile strengths and 
hardnesses of the three melts ranged 
progressively upward from the un- 
alloyed material to the copper- 
molybdenum analysis. Thus, the 
hardness of quenched and tempered 
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100% Mechanical Operation 


The_Heroult is the only 100° mechanically operated 
electric furnace on the market! All of the movements are 
handled by motor-driven gear mechanism. 

This is a very important advantage—as any engineer 
will readily tell you, for it eliminates so many mainte- 
nance difficulties. 

There is nothing about the operation and servicing of 
the motor-driven, heavy-gear mechanism of the rugged 
Heroult that any good maintenance man can’t easily 
take care of himself. Seldom, if ever, will you find it 
necessary to call in an outside maintenance man to keep 


your Heroult performing efficiently. 

Modern Heroult electric furnaces are available in sizes 
ranging in holding capacity from 6,000 Ibs. up to and 
in excess of 400,000 Ibs. Both gantry and swing-type 
roof-moving mechanisms are available. Door-charging 
furnaces and furnaces of special design, including units 
equipped with austenitic steel bottoms to permit induc 
tion stirring, can also be supplied. 

We welcome an opportunity to help you select and 
install the Heroult best suited to your requirements. An 
inquiry to the nearest office will bring complete details. 


AMERICAN BRIDGE DIVISION 


UNITED STATES STEEL CORPORATION, OFFICES, 525 WILLIAM PENN PLACE, PITTSOURGH, PA 


Contracting Offices in New York, Philedeiphie, Chicago, Sen francisco, and other principal cities 
United States Stee! Export Company, New York 


SEE THE UNITED STATES STEEL HOUR. I1's o full-hour TY program presented every 
other week by United States Steel. Consult your local newspaper for time and station. 


Exclusive with the Heroult: 
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The name BAKER on Rhodium 
plating solutions means completely 
dependable quality and perform- 
ance every time. Baker supplies 
standard solutions, or special for- 
mulae for individual procedures. 


Rhodium produces a metallic finish 
of sustained brilliance and hardness 
. . » @ finish that never tarnishes, 
never looks shopworn, The ideal 
finish for electrical and electronic 
applications. 


FREE BOOKLET: Send for ‘Electroplating with 
Rhodium”. Contains valuable information and 
guidance for the electroplater. 


PRECIOUS 
METALS 


113 ASTOR STREET, NEWARK 5, WJ. 
NEW YORK CHICAGO 
SAN FRANCISCO + LOS ANGELES 
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bars of Ni-Mo iron 2.1 in. in diam- 
eter was 337 to 347, and of the Cu- 
Mo bars in similar diameter, hard- 
ness was 347 to 352. 

From the many “single” tensile 
tests conducted, no conclusive deter- 
minations can be drawn, particularly 
in view of the known scatter possi- 
bilities. Data from the experiments 
therefore can be regarded only as 
indicative of a trend and would not 
necessarily be reproduced in mate- 
rials of these compositions coming 
from different foundries. 

Artuur H. ALLEN 


Mechanical Properties at 
Very Low Temperatures 


Digest of “Strength and Duc- 
tility of Metals at Low and 
Extremely Low Temperatures”, 
by G. V. Uzhik, Ievestiya Akad- 
emii Nank SSSR, No. 1, 1955, p. 
57-66. 


HE MECHANICAL PROPERTIES of 

metals may be determined at tem- 
peratures down to —320°F. with 
little experimental difficulty. How- 
ever, some materials such as the 
austenitic steels and many nonfer- 
rous metals do not exhibit brittle 
fracture at such temperatures. It 
was the author's object, therefore, to 
develop a technique for measuring 
the mechanical properties of metals 
at temperatures down to that of 
liquid hydrogen, —422°F, The ap- 
paratus consisted of a Dewar flask 
arrangement, the inner tube of which 
was made of stainless steel which 
has a low thermal conductivity, and 
the outer tube was made of copper. 
The lower end of the flask is at- 
tached to a shackle which fits into 
the bottom chuck of a universal test- 
ing machine. The upper shackle, 
attached to the other end of the spe- 
cimen, passes through the cover of 
the Dewar flask and is attached to 
the top chuck of the machine. 

Stress-strain curves obtained at 
—422° F. on an austenitic steel, 
E 1/a IT (similar to A. 1. S. 1. Type 
321), suggested an analogy between 
the plastic deformation of a single 
crystal and a poly-crystalline alloy. 
In liquid hydrogen, the first onset of 
plastic deformation was accompanied 
by a “zigzagging” of the deformation 
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TEMPERATURE 
MEASUREMENT 


is one of the —— 

many applications of the 

TYPE B HIGH PRECISION 
POTENTIOMETER 


...@ general purpose potentiometer with 

a number of notable refinements, suiting 

it particularly to thermocouple work. 

Distinctive features include: 

@ Three ranges —O to 16 millivolts, 0 to 
160 millivolts and O to 1.6 volts. 

@ Three reading dials—effective scole 
length of approximately 175 feet for 
each range. 

@ Subponel switch and slidewire con- 
struction for protection of contacts 
from dust and corrosive fumes. 

@ Special provisions to minimize pora- 
sitic thermal emf's—including avuto- 
motic compensation of slidewire 
thermals and gold contacts in galvo- 
nometer key. 

@ Exceptional convenience in reading 
and adjusiment. 

@ Solid and substantial construction for 
many years of trouble-free service. 
This standard laboratory potentiometer 
is also well suited for meter calibration, 
for checking portable potentiometers, 
and for other critical measurements of 
D.C. potentials requiring exceptionally 

high accuracy. 


Described in Bulletin 270 


SPOTLIGHT GALVANOMETER 
FOR SHOP AND LABORATORY work 
@ Sturdy, short period 
@ Sensitive (vp to 15 ad per mm.) 
@ Multiple-refiection optical system 
@ 100-Millimeter scale 
@ For null or defection measure- 
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UNITRON METALLOGRAPH and Universal Camera Micro- 


scope, Model U-Tl: A completely self-contained instrument of 

modern design for visual observation, photography, projection 

ond measurement of both opaque and transparent specimens, 

using bright-field, dark-field or polarized illumination. While 

compact in size, it duplicates the performance of large, cumber- 

some instruments. Even laboratories on a limited budget can enjoy 

the accuracy, speed and efficiency possible only with a complete 

installation of this type. 

> Standard optics include 5 parfocal objective lenses with 
revolving nosepiece, 4 photographic eyepieces on a revolving 
turret, 3 visval eyepieces, all coated Magnification range: 
25-2000x 

> High-intensity illuminator with voriable transformer built 
into the bose 

a Built-in 34" x 44" camera. The image is avtomatically in 
focus in the camera and transition from observation to pho- 
tography is instantaneous , 
Calibrated square mechanical stage with calibrated rotatable 
stage plate. 


Calibrated polarizing apporotus, itted light 
for transparent specimens, filters, micrometer eyepieces, film 
holders, cabinets, dustcovers, etc. all included. 


Additional accessories, available ot extra cost include: 
Polaroid Land Camera attachment for “60-second” photog- 
raphy; 35mm camera attachment; low power (5-40%) 
objectives; vocuum heating stoge for temperatures to 1100°C. 


THIS COMPLETE CATALOG ON UNITRON 
MICROSCOPES IS YOURS FOR THE ASKING 


FREE 10 DAY TRIAL 
on any UNITRON MICROSCOPES... 


Let the instrument prove its value to you in your 
own laborotory — before you decide to purchase. 


en together 
Here ore a few of the raany discriminating buyers whose 


reorders prove complete sotisfaction with these two 
UNITRON instruments. 


IBM CORP. 
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UNION CARBIDE AND CARSON 


GOODYEAR ATOMIC CORP. 


BINOCULAR MODEL only $1359 
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BINOCULAR MODEL only $549 
UNITRON INVERTED Metallurgical Microscope, Model MEC: 


Many of the features of the UNITRON Metollograph U-11, which 
ore connected with visual observation of opaque specimens, ore 
included in this compact unit. Think of the time which con be 
saved in your laboratory by providing each metallurgist with 
one of these handy, inexpensive units for use at his desk. Model 
MEC is also ideal for use together with a polisher or micro- 
hardness tester. 


> include 4 porfocal objective lenses: 5%, 
10x, X oil immersion on revolving nosepiece; 3 eye 
Micrometer 1OX, KelSx, oh cooted. Magnifi. 
cation range 25-1500K 

> Vertical illuminator with iris diaphragm. Transformer housed 
in microscope base. A microswitch on the bose provides on 
extra high intensity for photography 

. Binocular model has provision for attaching I5mm comera 
fo microscope bose. A 35mm camera attachment is oveilable 
to attach to the eyepiece tube of the monocular model 
Calibrated squore mechanical stage with calibrated rotatable 
stage plate 
Calibrated polarizing apporatus, 5 filters, dustcover, cabinet, 
etc. all included 
Additional accessories available of extra cost include: ISmm 
camera attachment; K20K eyepiece for 2000%; transmitted. 
light accessories for transparent specimens, vocuum heating 


Please send me your complete catelog on UNITRON Microscopes. | 
Nome and Title _ 
Compony 
— — 
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the formation of twins and twinning 


Low Temperatures... after slip, 


The yield point, in the author's 


curve and by a clicking noise charac- opinion, is the most important prop- 
teristic of the formation of twins. erty of a metal at low temperature. 
Above the yield point, slipping seems Local stress concentrations can be 
to be the predominant mode of de- reduced by plastic flow with a re- 
formation until the point of maxi- sultant decrease in stress peaks, 
mum load, beyond which twinning Hence, evaluation of the behavior 
again takes place. The behavior is of an alloy at low temperatures 
very similar to that of single-crystal should be based on the relation be- 
specimens of cadmium which exhibit tween the change of shear strength 
discontinuous — stress-relief through and the decrease in temperature. 


for your physical testing 


standard and special 
testing machines 

to suit your 
individual needs 


8811 Lyndon Ave., Detroit 38, Mich. 


Sales Representatives to serve you in: 


CHICAGO, ILLINOIS ENGLEWOOD, NEW JERSEY MILWAUKEE, WISCONSIN 
Wm. S$. Sherertz Company J. W. Dice Company Merit Machine Tools Company 
CINCINNATI, OHIO HOUSTON, TEXAS PITTSBURGH, PA. 
Hare Equipment Dolan Industrial Sales Steel City Tool & Machinery Co. 
CLEVELAND, OHIO SAN CARLOS, CALIFORNIA 
George W. Grossman, Jr. INDIANAPOLIS, INDIANA Electronic Engineering 

Jack K, Stevenson Company Assoc., Lid. 
DETROIT, MICHIGAN 
Steel City Testing INGLEWOOD, CALIFORNIA WEST NEWTON, MASS. 
Machines, Inc. Precision Tool Service Shepord Equipment Company 


And other principal metalworking centers. 
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The results of the present investi- 
gation showed that the tendency of 
metals to increase their shear 
strength at low temperatures de- 
pended on the value of this property 
at normal temperature and the com- 
position of the material. The lower 
the yield point at room temperature, 
the more this value changed when 
the temperature was lowered. For 
example, samples of Armco iron 
showed an increase in yield strength 
of 300% at —320° F. and 400% at 

422° F., and stainless steel in- 
creased in yield strength by 130% at 

320° F. and 140% at —422°F. A 
high-tensile steel increased in yield 
strength by only 10 to 20% at —320° 
F. Although the yield strength of 
the Armco iron was lower than that 
of stainless steel at ordinary temper- 
ature, it exceeded the yield strength 
of the stainless steel at lower temper- 
atures. The author believes that this 
indicates the greater tendency of 
low-carbon steels to fracture in a 
brittle manner at low temperatures. 
W. A. Moncan 


Vertical Continuous 
Casting of Steel 


Digest of “On The Develop- 
ment of Vertical Continuous 
Casting of Steel”, by Karl G. 
Speith and Adolf Bungeroth, 
Stahl und Eisen, Vol. 76, April 
19, 1956, p. 437-441. ° 


VERY PRODUCTION method is 

judged on the basis of technical 
merit as well as quality of its product 
and the production cost. This paper 
is concerned with vertical continu- 
ous casting installations where, on 
the basis of existing developments, it 
appears that the technical problems 
can be solved and the operation has 
definite possibilities of being eco- 
nomical. 

Continuous casting from a small- 
capacity holding furnace enables the 
use of very extended pouring times 
at uniform rates of flow and virtually 
constant metal temperatures. When 
the pouring furnace is to take the 
steel from one or more melting fur- 
naces, it can be operated on a con- 
tinuous basis. 

There are also some disadvan- 
tages to this method which can be 
tolerated with small melts but can- 
not be avoided with large ones. The 
double transfer from the melting fur- 


METAL PROGRESS 


| 
today. . . tomorrow 
| 
Transverse Hydrostatic Proving Instrument s Flex Tester 
Since 1914 


“(When the Du Pont Technical Man is in the Picture) 


Du PoNT technical men bring fresh insight into 
your descaling operation. Their training and experience 
with the Sodium Hydride Descaling Process enables them 
to see where steps can be saved . . . to recognize conditions 
that may eventually lead to trouble, and to know where 
new developments can be applied to speed and improve 
descaling. 

When you have a question, one of these Du Pont tech- 
nicians is only a phone call away. He's equipped to ana- 
lyze your process, to recommend changes where necessary. 
He has in back of him the finest in laboratory and tech- 
nical facilities. 

Best of all, there is never any obligation for this service. 
Du Pont’s technical representatives are there to see that 
Du Pont chemicals are used to their maximum efficiency 
and that your descaling operation is the most efficient pos- 
sible for your requirement. Electrochemicals Department, 
E. 1. du Pont de Nemours & Co. (Inc.), Wilmington 98, 
Delaware. 
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SODIUM HYDRIDE PROCESS 
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“Technical Representative at your Call 


* IN BOSTON: 
R. H. McCahan, HAncock 6-1714 


* IN PHILADELPHIA: 
F. J. Holt, Midway 9-1420 


IN CINCINNATI: 
H. W. Kennedy, PArkway 1-5253 


IN CHICAGO: 
L. J. Schustik, INdependence 3-7250 


IN NEW YORK: 
W. D. Jeffries, LOngacre 3-6440 


IN CLEVELAND: 
L. W. McOmber & E. C. Friedl, CHerry 1-6078 


IN DETROIT: 
D. W. Hill & J. B. Hitchcock, U Niversity 4-1963 


IN EL MONTE, CALIFORNIA: 
E. D. Marcum, CU mberland 3-2761 
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PYRO 


For Precision 
Temperature Measurements 


uw! PYRO 
MICRO-OPTICAL 


PYROMETER 


P 
4 


The most versatile optical pyrometer ever 
designed—unsurpassed in accuracy and ease 
of operation, Adjusts to focal lengths of $ 
inches to infinity and has table-top and floor 
—_ mountings with vernier adjustments for 
telescope sighting. Readily measures targets 
001" in diameter. Temperature scales 700- 
5200°C,, Wriee for free 


PYRO 
SURFACE 


PYROMETER 


~is quick-acting, accurate, 
light-weight and rugged. 
Features large 4%" direct 
reading dial. Measures surt- 
face and sub-surface tem- 
peratures with selection of 
thermocouples and extension 
arms, Has cold-end junction 
compensator (operates auto- 
matically) and shielded steel 
housing. Available in five 
standard ranges. 0-400°F. co. 
0-1200°F.; also special and 
sub-zero ranges. Ask for 
free Catalog No. 168. 
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The Simplified 


PYRO 
OPTICAL 


PYROMETER 


Gives accurate temper- 
atures at a glance. Any 
operator can quickly de- 
termine temperatures of 
minute spots, fast moving 
objects and smallest 
streams. Completely self- 
contained and direct read- 
ing. Weighs only Ibs. 
Special types for true 
pouring temperatures of 
molten iron, steel, monel, 
etc Stock ranges from 
1400°F. to 7500°R, Write 
for free Catalog No. 85. 


The Pyrometer Instrument Co. 
BERGENFIELD 8, NEW JERSEY 


Manufacturers of PYRO OFTICAL micro 
OPTICAL. SURFACE, RADIATION (MMERSION 
and INDICATING PYROMETERS for over 25 
years. Catalogs on reques 


Continuous Casting . . . 


nace to a transport ladle and then 
to the holding furnace results in a 
high heat loss. Consequently, it is 
necessary to superheat the steel in 
the melting furnace if a further re- 
heating of the metal in the holding 
furnace is to be avoided. This may 
not be practical in some instances 
since the higher temperature will 
result in more wear of the furnace 
lining and lead to metallurgical vari- 
ations in the melt. 

The rate of casting can be in- 
creased by increasing the capacity of 
the molds or by pouring several in- 
gots simultaneously. 

In the method usually used in 
steel plants—that is, pouring the 
metal from the ladle directly into the 
mold to form a static chill casting 
a definite ratio of pouring weight to 
pouring time may not be exceeded. 
Although the rate of casting is lower, 
similar ratios apply in continuous 
casting. However, in the latter in- 
stance larger ladles of molten steel 


One or two-unit continuous cast- 
ing systems require more headroom 
than multi-unit installations but are 
relatively simple to arrange. They 
require a high rate of casting. At 
high pouring rates, ingot quality is 
reduced, In this type of installation, 
the risk of accidents is greater. 

Multiple-unit continuous casting 
installations have a lower structural 


height, but require more extensive 
equipment. However, this method 
avoids excessively high pouring 
rates. Either the tilting ladle or 
bottom-pour ladle can be used for 
regulating the flow of steel into the 
molds. Continuous casting from 
bottom-pour ladles feeding into four 
bottom-pour distributors, as in the 
authors’ plant at Huckingen in Ger- 
many, provides a simple, practical, 
safe system. 

The experience gained in Huck- 
ingen with a four-unit bottom-pour 
continuous casting system has shown 
that it is possible to increase the 


number of units. However, for prac- 

tical purposes it is best to use the 

minimum possible number of units. 
R. C. Sunay 


agi OCESS 


BELTS 


CAN “TAKE” IT, literally and figuratively 


Heat resistant 
Chemically resistant 
Abrasion resistant 
Ashworth Meta! Belts combine Product 
Processing and Material Flow 


Keep Your Product on the Move 


ASHWORTH BROS., INC. 


VIRGINIA 


Sales Atlanta + + Charlotte,N C + Chicago + Cleveland + Dalles Denou 


New York Philadelphia Rochewer 
Seatile + St Louw « St Paul + Canadian Rep PECKOVER'S LID, Toronto + Montreal 


WINCHESTER 


Greenville, C+ Los Angeles + Lounville 


FOR 
MLUSTRATED CATALOG 
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One of a kind! 


Kids still love jacknives, but no longer seem to do 
much whittling. Like the circus big-top this vanish- 
ing pastime seems to be one more casualty of this 
high-G, triple-carburetion age. 

The production engineer also has lost his enthu- 
siasm for whittling metal. Machining from solid bar 
is still a necessity when making one part or a few 
prototypes. But, for hundreds of parts, extruded 
shapes save metal and machining time. 


TMCA has pioneered the difficult art of extruding 
Titanium alloys. Many thousands of pounds of ex- 
truded Titanium sections are regularly shipped to 
jet engine and airframe industries. Seamless ex- 
truded tubing is another regular production item 
at TMCA. 

Write today for information on Titanium ex- 
truded shapes and tubing. 


. FIRST IN Titanium 


TITANIUM METALS CORPORATION OF AMERICA, 233 Broadway, New York 7, 
DECEMBER 1956 
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Properties of 
Phosphor Bronze 


Digest of “The Mechanical 
Properties of Wrought Phosphor 
Bronze Alloys”, by G. R. Gohn, 
J. P. Guerand and H. 8. Frey- 
nik, A.S.T.M. Special Technical 
Publication No. 183, 1956. 


HE ADDITION of tin increases the 
strength of phosphor bronze 
alloys, and a given amount of tin 


causes a greater increase in strength 
at lower concentrations than at 
higher concentrations. The increase 
in strength resulting from cold work- 
ing is greater for high concentrations 
than for low. There is marked in- 
crease in tensile strength for tin addi- 
tions as low as 0.5%. The propor- 
tional limit is also increased with 
increasing tin content, the greatest 
increase being observed with the in- 
crease from 2 to 3%. Increases in tin 
above 5% cause little increase in the 


Fully Automatic — Controlled Atmosphere 


CONTROLLED | 
ATMOSPHERE 


(At right) Interior view 
of furnace panel, gas 
generating unit and its 
components. 


Tool Room Heat Treating Furnaces 


Outstanding advantages—ability to consistently harden tool 
steels, clean and free from scale, with minimum attention from 
the operator—initial equipment low cost—moderate operating 


expense. 


The atmosphere used in these furnaces is produced from 
alcohol and water which, when cracked at a constant tempera- 
ture, produce gases of constant analysis. Research tables provide 
data for alcohol-water proportions and cracking temperatures 
for most commonly used steels. No further metallurgical infor- 
mation is needed. Two sizes— 10” x 8” x 18” and 8” x 6” x 14” 


—for operation to 2000° F, 


Catalog and complete information will be gladly furnished 


on request. 


ELECTRIC MANUFACTURING CORP. 


30 S. SHELBY STREET 
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proportional limit of the various 
rolled tempers. Alloys containing 
less than 2% tin show little increase 
in yield strength when cold rolled 
more than 50% and higher tin alloys 
show little improvement when cold 
rolled in excess of 37.4%. In most 
instances, the improvement in yield 
strength resulting from increasing 
the tin content beyond 5% is so 
small that the benefit is offset by the 
marked reduction in formability 
characteristic of high-tin alloys. The 
yield strength is so close to the ten- 
sile strength values that the alloys 
are unsuitable from a design stand- 
point. 

For any given temper, an increase 
in tin content usually results in an 
increase in ductility. In the an- 
nealed, half-hard and hard tempers, 
the 8% tin alloy has substantially bet- 
ter elongation than does the 10% tin 
alloy. A study of the curves show- 
ing the relationship between ductil- 
ity and tin content reveals the oc- 
currence of a ductility peak at 8% tin. 
However, this good ductility should 
not be confused with good formabil- 
ity since experience has shown that 
the high-tin alloys have very poor 
formability. 

The addition of tin to copper re- 
sults in an increase in fatigue 
strength at all tempers. This in- 
crease is as much as 250% in the an- 
nealed tempers for alloys containing 
5% tin or more. With tin contents 
of 0.5 to 3%, increasing amounts of 
cold work improve the fatigue 
strength. For tin additions of 3, 4 
and 5%, cold rolling in excess of 
37.4% has but little effect, while for 
tin additions of 8 and 10%, cold 
working in excess of 20.7% appears 
to have no beneficial effect. Opti- 
mum fatigue results for all tempers 
treated as a group appear to be ob- 
tained with the addition of 5% tin. 

A decrease in the grain size in the 
ready-to-finish anneal results in an 
improvement in tensile strength, 
especially for the annealed tempers. 
The yield strength is little affected 
by a smaller ready-to-finish grain size 
except for an improvement evident 
in the higher tin alloys. Elongation 
values are higher for 0.035-mm. ma- 
terial with a tin content of 0.5% while 
the opposite is true for alloys with 
3% tin or more. A fine grain size ap- 
pears to improve the fatigue strength 
except that of ETP copper and the 
harder tempers of the 8 and 10% tin 
alloys. At high tin concentrations 
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q ASTELLOY Alloys i in Convenient 


for Superior Corrosion Resistance 3 


EXTRA CORROSION RESISTANCE 


Equipment made of Hasreccoy alloys is giving good 
service handling such severe corrosives as boiling hydro 
chloric and sulphuric acids. The alloys are also used to 
handle these acids at lower tempefatures and in all 
concentrations. HasTeL.oy alloys are the most economical 
material for handling such reactive materials as hydrogen 
fluoride and wet hydrogen chloride gas at high tem 
peratures, The alloys are also highly resistant to wet 
chlorine, acid salts, phosphoric acid, nitrie acid, and 


organic ac ids, 


AVAILABLE IN STANDARD FORMS 
Hasrecioy alloys are available in all of the standard 
mill forms—sheet, plate, bars, rods, wire, tubing, pipe 
fittings and fasteners. They can be obtained as sand 


and investment castings. 


TEST THEM NOW 


Samples for trying Hasreccoy alloys under actual 
plant conditions are available without charge, Get in 
touch with the nearest Liaynes Stellite ¢ ompany other 


and describe the corrosive conditions involved 


HAYNES STELLITE COMPANY 
A Division of Union Carbide and Carbon Corporation 
we 


General Offices and Works: Kokomo, Indiana 
Sales Office 
Chicago Cleveland Detroit Houston 
Los Angeles « New York « San francisco - Tulsa 


“Haynes and “Hastelloy” are registered trade-marks 
of Union Carbide and Carbon Corporation 
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GET 
THE 


FACTS 


About Hardness Testing 


Everything you need to know about 
hardness testing is told in this handsome 
book, prepared by the makers of the 
internationally respected CLARK 
Hardness Testers for “Rockwell Test- 
ing.’ Simple, easy-to-read text (in 
English) and numerous illustrations show the equipment 
and procedure for fast, accurate hardness testing of ferrous 
and non-ferrous materials. If you would like a copy, free of 
charge, just attach this ad to your letterhead or write 


“Send book.” A copy will be mailed to you promptly. 


P.S. If you are interested in descriptions and prices for 
CLARK Hardness Testers (Standard and Superficial) of guar- 
anteed accuracy, say the word and we'll gladly supply them. 


ebb CLARK INSTRUMENT INC. 
SUS SS 10202 Ford Road © Dearborn, Mich., U.S.A 
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PSC fabricated tubes furnish four substantial advantages: (1) 
Light-wall construction saves furnace time and fuel. (2) Return 
bends are of same wall thickness as tubes, promoting uniform 
flow of gas. (3) Smooth dense walls minimize carbon build-up 
and burn-out. (4) Up to 100% longer life. In any alloy, size 
or type, including parabolics, Also sheet-alloy heat-treating 
retorts and covers, boxes, baskets, fixtures, tubes, etc. 


Phosphor Bronze . . . 


(5% or more) even the annealed 
temper has a fatigue strength close 
to those of the rolled tempers. 

Where engineering properties such 
as fatigue strength and proportional 
limit are important, the optimum 
composition would appear to be 4 to 
5% tin. Cold rolling in excess of 50% 
is not justified if the tin content is 
held within these limits. A fine 
grain size, 0.015 mm. or finer, is ben- 
eficial from a fatigue standpoint. A 
high phosphorus content permits a 
slight reduction in tin content with- 
out a significant loss in desirable en- 
gineering properties. 

R. F. HantMann 


Stress-Corrosion of 
Aluminum Alloys 


Digest of “The Interactions of 
Static Stress and Corrosion With 
Aluminum Alloys”, by F. A. 
Champion, Metallurgia, Vol. 53, 
February 1956, p. 63-68. 


HE MOST DEPENDABLE method for 

determining the susceptibility of 
a material to stress-corrosion is to 
correlate the results from (a) speci- 
mens stressed under corrosive condi- 
tions, (b) specimens exposed to the 
same corrosive conditions but with- 
out stress, and (c) specimens sub- 
jected to stress in the absence of 
corrosive conditions. To avoid com- 
plications from the effects of creep, 
stress levels during experimental 
tests should be limited to 75% of the 
proof stress of the alloy in question. 
If the results of the foregoing tests 
show that the properties of the ma- 
terial deteriorated fastest under the 
simultaneous effects of stress and 
corrosion, it can then be concluded 
that the material in question is sus- 
ceptible to stress-corrosion. 

The identification of stress-corro- 
sion as a cause of service failure is 
quite difficult. Such failures in 
aluminum alloys can only be posi- 
tively identified if there is definite 
evidence of each of the following: 

1. The material is known to be 
susceptible to stress-corrosion. 

2. The main fracture and sub- 
sidiary cracks are intercrystalline. 
(Where there was breaking up or 
distortion of grains during previous 
work, it is extremely difficult to de- 
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fay Design Ot Dimension 
1 Send for PSC Heat-Treat Catalog 54 | 
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THE*PRESSED STEEL CO - Wilkes-Barre, Pa. 


Only TINIUS OLSEN Elecématics 
V2 You All OT 


IMPORTANT FEATURES: 


BIG 


Minimum of 100 to | ratio of testing ranges. 


D N CE Unlimited stroke—electro-mechanical operation. 
® Positive testing speeds even under load. 
Infinitely variable testing speeds—electronically controlled, 


ji Selechrange electronic null balance Indicating System. 


Four or more separate ranges with minimum overlap. 


® Change ranges during test with a flip of the Selecrange 
est g switch. 


Common zero setting for all ranges. 
Exclusive color coded range identification—range capacity 
ac mes 4 and value of each mark clearly illuminated on the face of 
the dial. 
Large 28-inch dial. 


Soft, glare-free dial illumination for easy load reading with- 
out eyestrain. 


Simplified controls—foolproof operation. 

Large clearance between screws. 

Two or four screw construction. 

Up to 12-inch off-center loading with four screw models. 


Adjustable limit switches. 


Plug in load cell connection provides dial indication of loads 
as low as one gram. 


Electronic stress-strain recorder (optional). 


Complete selection of extensometers, instrumentation, grips 
and testing accessories available—your assurance of maxi- 
mum testing versatility. 


Tinivs Olsen Elec$matic Testing Machines 
These are just a few of the outstanding features of all Tinivs Olsen 


500 Ibs. to 400,000 Ibs. Elecématic Universal Testing Machines. tt will pay you fo get the full 
story. Write today for a copy of Bulletin 54. 


All of the advantages of the exclusive SelecSrange Indicating System are also found in Olsen 
hydraulic Super "L"’ Testing Machines. Write for Bulletin 47. 


TINIUS OLSEN 


TESTING MACHINE COMPANY 


2030 EASTON ROAD ¢ WILLOW GROVE, PA. 
Testing and Balancing Machines 
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CENTER FOR HIGH PURITY FUSED QUARTZ 


Amersil processes for producing fused 
quartz and silica of the highest possible 
purity, in fabricated laboratory and pro- 
duction equipment—make Amersil the 
primary supply source for all industrial 
applications where such critical purity is 
tactor. 

A fine service plan is keyed to your 
requirements. Here, complete ranges of 
standard apparatus, crucibles, trays, cyl- 
indrical containers and tubing (up to 25” 
diam.) are available for prompt delivery. 
Amersil engineers are available to assist 
in developing special equipment to in- 
dividual requirements. 


Catalog and technical data available 
upon request. 


685 RAMSEY AVE., HILLSIDE 5, NEW JERSEY 


* ROTOSIL 
* OPTOSIL 
* HOMOSIL 

ULTRASIL 


AMERSIL 


COMPANY, INC. 


(AN CELHARD INDUSTRIES) 


UP TO 2650° F. 


Model 30 (pictured) Automatic tem- 
perature control. From 600° F. to 2000° 
F., use for ashing, drawing, igniting, 
tempering, etc. Above 2000° F., for 
sintering, melting, clinkering, fusing 
and high speed hardening. For use with 
230 volts, 50-60 cycles, single phase 
power supply; automatic controller for 
115 volts, 50-60 cycles, single phase. 


“For Scientists Everywhere” 


LABORATORY FURNACES 


BURRELL DUAL-RANGE 


Box and Muffle Type 


FOR HIGH TEMPERATURES 


CAT, NO. ITEM 


37-442 Box and Muffie Type Furnace, Model 30— 1500.00 
(Heating chomber 7” wide « 614" deep « 4” high) 


For other models—ask 


Price listed is F.O..8. Pittsburgh, Pa. 


BURRELL CORPORATION 


Scientific Instruments and Laboratory Supplies 


2223 Fifth Avenue, Pittsburgh 19, Pennsylvania 
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for Bulletin No. 315 


Stress-Corrosion . . . 


termine whether cracks are inter- 
crystalline. ) 

3. The material has been under 
stress and corrosion simultaneously. 
(The stress may be internal due to 
residual stress from fabrication or 
external due to service conditions. ) 

The relative susceptibility of dif- 
ferent alloys to stress-corrosion often 
depends upon the corrosive medium 
involved. For example, the stress- 
corrosion of a 7% Mg alloy in a sus- 
ceptible condition increases with 
increasing sodium chloride contents 
up to 9%. In very 
however, 


acid solutions, 
attack is 
likely to occur than stress-corrosion 


general more 
On the other hand, moderate acidi 
ties such as those in mixtures of 
marine and industrial atmospheres 
are ideal for stress-corrosion. Hu- 
midity is also an important contribu- 
tor to stress-corrosion with maximum 
effects occurring at around 80% rela- 
tive humidity in salt spray tests. 

In laboratory studies of stress-cor- 
rosion, due consideration should be 
given to whether the specimens are 
loaded under constant strain or con 
stant stress. The former condition 
internal 
stresses produced during production 
and fabrication while the latter is 
more representative of service con- 
Most of the failures from 
stress-corrosion have been found to 


is representative of the 


ditions. 


arise from high internal stresses that 
occur during fabrication. 

Failure of aluminum alloys by 
service 


stress-corrosion is rarer in 


than inlaboratory tests. To reduce 
failures due to stress-corrosion, every 
effort should be made to avoid in- 
ternal stresses which occur during 
fabrication and assembly. A very 
effective protection against  stress- 
corrosion based on service experi- 
ence is to clad Al-Cu-Mg alloys and 
Al-Cu-Mg-Si alloys with high-purity 
aluminum. 

In conclusion, the author points 
out that 
usually fail 
even though they are somewhat sus- 


aluminum alloys do not 


stress-corrosion 
ceptible to interery stalline corrosion. 
Extensive alloying and heat treat- 
ment tend to increase the suscepti- 
bility of aluminum alloys to stress 
corrosion. Cladding, spray coating 
or painting after anodizing offer the 
best protection. 

R. C. 
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NEW... 
its 


its 


STAINLESS 


48" WIDE 


BRIGHTER THAN EVER!—MicroRold stainless 
steel Type 430 in the NEW Bright Finish is now 
immediately available in sheets up to 48” wide 
offering new usefulness and economy in stainless 
fabrication. Produced with the same micro-accuracy 
of gauge for which MicroRold 46” is well known, 
Type 430 Bright up to 48” wide gives greater 
latitude in applications for quality stainless steel. 


MicroRold 430 is also available in the regu- 
lar commercial finishes and MicroRold stain- 


less in other grades are now produced up to Was h ingto mn ~ teel 
48” wide. Complete details sent on request. + 
= 
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Gas Turbines for Autos 


Digest of “Turbines for Mo- 
bility”, by John H. Bouin and 
Robert A. Harmon, The Fron- 
tier, Armour Research Founda- 
dation, Winter 1955, p. 12. 


G" turbines rated at 100 to 500 
a shaft horsepower have been in- 
stalled experimentally in standard 
and special automobile chassis, 
trucks, busses and military vehicles. 
They have the advantage of devel- 
oping more torque at all speeds than 
the reciprocating gas engine —for 


example, at 40% of rated top speed 
ie the turbine develops 60% of rated 
| horsepower and 150% of rated 
torque, whereas the corresponding 


figures for a reciprocating engine 


are 40% and 100%. The advantage 
is even greater at lower speeds, the 
turbine having maximum torque at 
zero speed, The turbine requires 
about one-third the space; it needs 
no radiator or cooling system, but 
» lower the fuel consumption an 
interchanger for transferring heat 
from exhaust to incoming air may 
be as bulky and heavy. 
weights are 


Engine 
below the 
weight of present-day engines on 
mass-produced automobiles and 
about 30% that of a four-stroke 
diesel. In the heaviest truck this 
may save a ton of dead load. Its oil 
consumption is small, but its high 
speed (up to 35,000 rpm.) requires 
top-notch bearings, balancing, and 
speed reduction gearing. While the 


somewhat 


REQUIREMENTS 


Normalizing, Stress Relief, 


ng Ovens for new processes, 


improvement. 


YOUNG BROTHERS OVENS 


Conveyor Oven for light alloy processing 


A wide variety of standard and special Young Brothers Ovens 
and Furnaces are available to meet your specific needs for 
Annealing and Tempering, Drying and Impregnating, Aging, 
Preheat, 
A: s others. They are engineered and built to meet the most exacting 
3 requirements and they are backed by more than 60 years of 
experience devoted to the development of Batch and Conveyor 


Homogenizing and many 


materials and products. 


Exclusive features of Young Brothers Ovens lead to savings in 
production time, prevention of loss of material and product 
Experienced engineers are available for con- 
sultation without obligation. Write for Bulletin 14-T. 


YOUNG BROTHERS COMPANY 


1829 Columbus Road °*¢ 


Cleveland 13, Ohio Estab. 1896 
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gas turbine can operate on inferior 
fuels, its consumption is very high 
— about 0.85 lb. of fuel per brake 
hp-hr. at maximum rating and 
double that at 30 to 50% of full load 
(which is the ordinary demand on 
a passenger car engine). This can 
be lowered by increasing the tem- 
perature of operations, but this is 
already so high (about 1600° F.) 
as to require expensive alloying 
metals of quite limited supply, or 
a bulky and expensive regenera- 
tor (heat interchanger). Other dis- 
advantages which will have to be 
surmounted are noise (which can 
be dampened more easily than noise 
from diesels) and high exhaust tem- 
peratures (which will probably be 
reduced by the heat interchangers 
mentioned earlier). 6 


Production Control 
of Acid Bessemers 


Digest of “Control in the Acid 
Bessemer Process”, by P. J. 
Leroy, J. G. Galey and F. B. 
Cawley, Journal of the Iron and 
Steel Institute, Vol. 183, June 
1956, p. 208-224. 


detailed 
study of blowing conditions in a 


HIS PAPER describes a 
25-ton acid converter using instru- 
ments developed by the Institut de 
Recherches de la Siderurgie (IRSID) 
in France. Three instruments were 
used for the control measurements, a 
volume “debitgraphe” which metered 
the air flow during the blow, an opac- 
imeter which determined the end 
point of the blow after the carbon 
flame drop, and a flame pyrometer 
which recorded the flame tempera- 
ture during the blow. 

Initial tests indicated that large 
amounts of excess air 
blown. 


were being 
A calculation showed that 
the quantity of air necessary was 
10,400 cu.ft. but with heats weigh- 
ing between 19 and 25 tons, the air 
consumption actually varied from 
13,500 to 20,900 cu.ft. per gross ton, 
indicating that a large amount of 
oxygen was escaping through the 
bath. The largest air consumption 
was observed in the smallest blow. 
The bath depth was given as 13 in. 
on old linings and 21 in. on a new 
lining for a 24-ton charge. The re- 
sults also showed a direct correla- 
tion between silicon content of the 
hot metal and total air consumed. 
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“5 years ago Cities Service solved all our 


lubrication problems and we've never had another 


A report from Banner Spring & 4 Slide Co., Van Dyke, Michigan 


These Were The Problems 5 Years Ago: Banner Spring 
& 4 Slide Company, maker of small parts for the auto- 
mobile, electrical and refrigeration industries, was 
having trouble. Ways, bearings, and drive shafts on 4 
Slide machines were getting insufficient film strength 
from lubricants and constantly burning out. Likewise, 
compressors were also running hot, and there was com- 
plete puzzlement over what type of lubricant to use 
for Banner’s high-speed sewing machines. 

Banner decided to call in a Cities Service Lubrica- 
tion Engineer. A thorough survey followed, with the 
man from Cities Service carefully examining each 
machine and its particular operating conditions. 

This completed, he made his recommendations — 
Trojan H-2 Multi Purpose Grease for the 4 Slide ma- 
chines, Pacemaker No. | Oil for the compressors, and 
Pacemaker 00 Oil for the high-speed sewing machines. 

Banner followed these recommendations to the let- 
ter. Result: Not one lubrication problem in the past 
five years — despite the fact that machinery runs 24 
hours a day! 

If you're faced with a lubrication problem — or if 
you're just not sure if your present lubricant is best for 
the job — talk with the man from Cities Service. Or 
write: Cities Service Oil Company, Sixty Wall Tower, 
New York 5, N. Y. 
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SOME BANNER PRODUCTS: The firm makes all 
kinds of round wire forms, wire springs, metal clips and 
flat springs. Use for such products ranges from auto 
fender support rods to “burlap listings” —the wire frames 
sewn into burlap which back up automobile upholstery. 


CITIES SERVICE 


QUALITY PETROLEUM PRODUCTS 
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Acid Bessemers . . . 


This varied from 14,000 cu.ft. for 
1.78% Si to about 18,000 cu.ft. for 
2.30% Si. The French basic con- 
verters used bath depths of 30 in. 
(twice that at Workington) and air 
consumption was about 13,000 cu.ft., 
a figure nearer the theoretical value. 

The permeability of the converter 
is a measure of the ease with which 
air may be blown through it and is 
expressed as the blowing rate for a 
given blast pressure. The debit- 
graphe recordings showed a striking 
variation in permeability during va- 
rious stages of the blow. The blow 
usually started with a blowing rate 


of 26,500 cu.ft. per min. at 20 psi., 
and then the pressure would grad- 
ually rise and the blowing rate fall, 
probably because of blocking of the 
tuyeres. After 7 to 8 min. blowing 
(1 to 2 min. before the start of the 
decarburizing stage), pressure would 
generally go through a peak corre- 
sponding to a minimum blowing rate. 
This maximum pressure was fairly 
constant for all tests at around 26 
psi. On the other hand, the mini- 
mum blowing rate was rather varia- 
ble, ranging from 18,500 to 25,000 
cu.ft. per min. 

Using the opacimeter, graphs were 
plotted for 25 blows to measure the 
relative cloudiness of the flame dur- 
ing the blows. The opacity increases 


Never Confuse the No.8 MARVEL 


with an ordinary Band Saw 


---only the MARVEL is Universal 


Only on No. MARVEL 


can the sow column be 
instantly indexed end 
locked at any angle from 
45° right te 45° leh, and 
the saw then fed thru the 
work at the desired angle 
withevt meving the 
work 


MARVEL con 

do all of these 

things: Snlp-ef 

rod of cut-off on 18" 
« 10" cross section 


Only on oMARVEL 


Ne. 8 does the 
blede remain at 
@ right angle 
throughout its full 
18" feed traverse 
Werk alwoys re 


i) Only a No. 8 MARVEL hes 


the lerge T-slotted wotk 
fable, with removable quick action 
vise, that permits accurate set-ups 
of work of unrestricted sizes ond 
shapes, special Natures, Etc. 


“Rough Machine” to size and shape 
with minimun chip waste 


The No. 8 MARVEL is the “busiest tool in the shop” wherever 
installed because it is a universal tool —has both the capacity and 
Index the versatility to handle not only standard sawing jobs but 


innumerable “‘trick"’ and convenience jobs as well. More than 
a metal saw, the No. 8 MARVEL is a fine machine tool with 


machine tool features like: Both power and hand feeds; Depth 
Stops; Automatic Blade Tension; Built-in Coolant Pump; Three 


operating speeds ‘or six with 2-speed motor 
electrical controls that conform to both °4.LC.” 
INE TOOL” electrical standards; Dirt-fTof ball bearings, etc. 


Moisture-proof 
and “MACH. 


“ If you cut, machine or fabricate metal, this is a sawing 
— machine you should know about. Write for catalog. 


ARMSTRONG-BLUM MFG. CO.| « 5700 West Bloomingdale Avenue + Chicago 39, U.S.A. 


rapidly from the start of the blow 
and passes through a peak during 


oxidation of the silicon. This peak 
corresponds to the emission of red- 
dish fumes during the desiliconizing 
stage. Following this, the opacity 
decreases and passes through a mini- 
mum a short time after the start of 
the decarburizing stage. After this, 
it increases again and remains more 
or less unchanged until near the end 
of that stage. The sudden reap- 
pearance of red fumes causes a 
marked increase in opacity and the 
curve rises rapidly until the heat is 
turned down. There is fair agree- 
ment between the carbon content 
and the appearance of the kink in 
the curve, at which point the carbon 
content is 0.035 to 0.050%. Thus a 
means is provided of determining 
the point at which the heat should 
be turned down with an assured 
maximum carbon content of 0.05%. 

The flame temperature gives an 
indirect measure of thermal changes 
in the bath, and in the course of the 
study, it was possible to establish 
an approximate rule for calculating 
the additions required for the con- 
trol of final temperature based on a 
flame temperature reading made 
about 3 min. after decarburization 
began. The beginning of decarbu- 
rization was determined from the 
appearance of the flame, which be- 
comes brighter at this point, or from 
the temperature chart, which shows 
a sharp increase. 

It is impossible to assess the extent 
to which steel quality and regularity 
of production by the acid bessemer 
process might be improved by the 
routine use of the instruments de- 
scribed in this paper, but prelimi- 
nary tests have provided new infor- 
mation on the factors affecting air 
consumption per ton of iron, not- 
ably, the influence of bath depth, 
blowing rate and silicon content of 
the iron. They have also indicated 
how blocking of the tuyeres can be 
detected from permeability measure- 
ments, how opacity measurements 
can be used to give an end-point 
signal and finally, they have indicat- 
ed the possibilities of simplifying 
and bringing refinement to the esti- 
mation of temperature at a sufficient- 
ly early stage in blowing to permit 
proper assessment of the scrap or 
ferrosilicon needed so that the blow 
will finish within the desired temper- 
ature range. 


E. C. Wricur 
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ZIRCONIUM -MAGNESIUM MASTER ALLOY 


Both large and small foundries give many reasons 
for preferring TAM Master Alloy. They find 

it readily soluble in production heats of 
magnesium. Recoveries are high. Practically 

no fuming is experienced. And the notch bars 
are easy to handle and store. 


Proved in Use... 


! 

I The magnesium product has a refined grain 
structure — gains high strength at elevated 
| 
| 
| 


temperatures. It is free from microporosity or 
microshrinkage and is “cleaner”. 


Approved Users 


Your first order will prove to you that 

TAM Master Alloy is a most economical and 
convenient method to use in introducing 
Zirconium to production heats of magnesium. 


TAM 
PRODUCTS 


Pet. Of 


TITANIUM ALLOY MFG. DIVISION 
NATIONAL LEAD COMPANY 
Executive and Sales Offices 
111 Broadway, New York City 
General Offices, Works and Research Laboratories 
Niagara Falls, New York 


Your order or your inquiry will receive prompt attention when addressed to our New York City office. 
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Photomicrograph shows juncture of parent metal and 
weld area in Superior Weidrawn tubing. Note com- 
plete recrystallization of weld area on right of 
arrows, the result of cold working and annealing. 


So perfect the bead actually vanishes! 


Here’s how to cut tubing costs up to 50% 


Specify Superior Weldrawn. You get quality approaching that 
of seamless, at savings as high as 50°;,! Unlike other welded 
tubing, Weldrawn is offered in any cf the intermediate sizes — 
made possible because of the redrawing after welding. 


“Weldrawn" Means— 

This is a tubing far superior to ordinary welded tubing for 
many applications requiring forming, machining and corrosion 
resistance. After welding, it undergoes alternate cold drawing 
and annealing. 

The weld area recrystallizes (see photo above), acquiring 
mechanical properties equivalent to those of the parent metal. 
The bead actually vanishes! 


Costs Are Low 
Weldrawn tubing is produced in 18 different analyses, in a wide 


The big name in small tubing 
NORRISTOWN, PA. 


All analyses available in .010 in, to % in. OD—certain analyses in light walls up to 2% in. OD 


variety of sizes. Cost savings are 10 to 20%. In certain materials 
you save up to 50%! 


Quality Is High 

In Weldrawn you get tubing with highly uniform mechanical 
properties throughout, and clean, smooth, bright ID and OD 
surfaces. Because no filler or flux is used during welding, the 
corrosion resistance of the weld area is equal to that of the 
parent metal. And by repeated redrawing and annealing after 
welding, any possible faults or defects in the weld are eliminated. 


Specify Superior 

In addition to Weldrawn tubing, we also offer a wide variety of 
analyses and sizes in Seamless grade. So for the finest in small 
tubing, always specify Superior. 

Whatever your problems in small tubing, Superior can help 
you. For additional information on Weldrawn, write for Data 
Memorandum No. 2. Superior Tube Company, 2008 German- 
town Ave., Norristown, Pa. 


“ 


West Coast: Pacific Tube Company, 5710 Smithwoy St., Los Angeles 22, Calif. ¢ RAymond 3-133! 
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lab seeking work 
used turn away... 


-.. we cut our 


analysis time to 
one-fifth with our 
NEW G-E XRD-5 
X-Ray Emission 
Spectrometer” 


HE above statement from a large 
steel foundry reflects the contribution 


of this versatile General Electric appa 


ratus to analysis programs in chemual, 
rubber and petroleum plants, as well as 
in metallurgy 

G.E.’s new X-Ray Emission Spectrom 
eter has proved far faster and more pre 
cise than wet methods for quantitative 
analysis of elements down to atomu 
number 12 (magnesium). And becaus 
the technic is non-destructive, re-runs 
can be made immediately without pre 
paring another sample 

Whatever your analysis requirements 
— research, raw materials or quality con 
trol — this General Electric diffraction 


unit can be adapted to your exact needs 


Our x-ray representative near you will 


ae be glad to recommend the facilities best 


suited to your work load, Or write to 
X-Ray Department, General Electr 


HELIUM ATMOSPHERE and a flow- XRi>»-5S SPECTROMETER may be used exclu- Company, Milwaukee 1, Wisconsin, for 
ing gas proportional counter help sively for chemical analysis or quickly rear " ; 
detect smal! atomic number elements. ranged as a diffractometer for crystal analysis Pub. AS-124 


Progress /s Our Most Important Prodvet 


GENERAL ELECTRIC 
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Help develop the world’s first 
nuclear powered fleet 


Nuclear power offers tremendous advantage for 
naval vessels. From the fuel standpoint, cruising 
ranges are virtually unlimited—-even at new high 
speeds. No refueling facilities will be required to 
replenish nuclear propulsion fuel. Therefore, the 
physical design of the fleet can be streamlined for 
greater efficiency and safety. 

At the country’s largest design-engineering center 
for nuclear power reactors, Bettis Plant in Pittsburgh, 
operated for the Atomic Energy Commission by 
Westinghouse, the application of nuclear power has 
progressed rapidly. However, the nuclear power 
plants already in operation today represent only the 
beginning of a new technological era. Major advances 
in many areas are necessary. 

These include: the development of fuel alloys; the 
development of clad alloys; fuel element development; 
and technical control of fuel elements and fuel and 
clad alloys. At Bettis you will have a choice of work- 
ing in either Basic or Applied Metallurgy. You may 
prefer to conduct basic research in areas like these: 
1) Solid phase transformation, 2) Corrosion kinetics 


BETTIS PLANT 


and mechanisms, 3) Effect of irradiation on metals, 
4) Internal friction studies, 5) Study of equilibrium 
diagrams. 

To do this, Bettis Plant needs farsighted men. 
Regardless of your interest, you can choose a place 
in the varied operations at Bettis Plant. 

Atomic experience is not necessary. 

What’s more, Bettis Plant is in Pittsburgh’s 
South Hills. Here you can enjoy good living in 
pleasant suburbs near the plant, and still be conven- 
ient to one of the nation’s most progressive metro- 
politan areas. 

Educational opportunities are exceptional. West- 
inghouse helps you continue your studies at any one 
of three Pittsburgh universities. 


Write for descriptive brochure on 
opportunities in your field. Be sure 
to specify your interests. Address 
Mr. A. M. Johnston, Westinghouse 
Bettis Plant, Dept. A98, P.O. Box 1468, 
Pittsburgh 30, Pa. 


lomorrow s 


Westinghouse 
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for the full range of 


mill products call 


Mallory-Sharon 


DOUBLE-MELTED TITANIUM AND TITANIUM ALLOYS 


LL Mallory-Sharon titanium is produced by “Method S” vacuum 
double melting, resulting in good machineability and forming charac- 
teristics. This process eliminates alloy segregation and enables carbon and 
; ree gaseous contaminants to be held within very low limits. Likewise, Mallory- 
ts commer Sharon’s patented rolling method and other technical advances assure you 
of the highest quality and uniformity. 


cially pure titanium. It is essentially all 
alpha titanium and is therefore not hard- 
enable by heat treatment. It is more ductile 
than any commercial titanium alloy and is 
weldable. MST Grade Ill is available as 
50,000 psi, 65,000 psi, or 80,000 psi 
yield strength material. 


Call us for the full range of titanium and titanium alloy mill products: rod, 
bar, sheet, strip, plate, etc. Our technical service group is equipped to give 
you the latest recommendations on forming, welding, and machining. For 
complete information write Mallory-Sharon Titanium Corporation, Dept. 
F-12 Niles, Ohio. 

MST 6AIl-4V—A heat-treatable alpha- 

beta bar and sheet alloy. The Al-V system TYPICAL MECHANICAL PROPERTIES 

is of the beta isomorphous type, showing 
no euiectoid decomposition. This alloy has Ultimate Tensile Yield Strength, Elongation 
excellent elevated temperature proper- Form Strength, psi pew %o in 2° 
ties up to approximately 750°F. MST j ; 
6Al-4YV is relatively insensitive to notches 
and is weldable. 


MST Grade lil (Unalloyed). . . Sheet, Bor 70,000 50,000 25 
(3 different strength levels) . Sheet, Bor 85,000 65,000 23 
Sheet, Bar 100,000 80,000 20 


MST 3Al-5Cr—A heat-treatable alpha- MST 6Al-4V (1)* 140,000 130,000 
beta bar and forging alloy which is pri- (2) 170,000 150,000 
marily used in the annealed condition. (3) 135,000 125,000 
MST 3AI-5Cr has good elevated tempera- 130,000 120,000 
MST 3AI-5Cr 155,000 145,000 
MST 4Al- 4Mn—A heat-treatable alpha- MST 4Al-4Mn. . 
beta bar and forging alloy which is pri- 
marily used in the annealed condition. It MST 8 Mn 135,000 120,000 
has good elevated temperature properties. aes 

Eutectoid decomposition is so sluggish that 
it never occurs in commercial applications. 


145,000 135,000 


* (1) 1500—'%z—Aac (3) 1525—1—FC to 1100-AC 
(2) 1000-2-AC 


MST 8 Mn —An alpha-beta sheet alloy 
used primarily in the annealed condition. It 


has good f bility and b d at 
M A L L. oO R v H a R Oo 
annealed condition. Eutectoid decomposi- . 


tion is so sluggish that it does not occur in 


MALLORY-SHARON TITANIUM CORPORATION, NILES, OHIO 
commercial applications. 
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All | Tools May Look Ali 


@ An extensive, 2-year research program has 
produced a new series of Talide Metal grades having 
greatly improved hardness, strength, rupture-resistant and 
crater-resistant qualities. Users can now get maximum benefits 
from today’s high-speed “automation” machines. Record production 
runs and continuous machine performance is assured with super-hard, 
super-tough Talide Tools. 


@ Universal acceptance of Talide Metal has made possible construc- 
tion of a new 100,000 sq. ft. multi-million dollar plant at Youngs- 
town, Ohio. Doubled production facilities assure prompt delivery 
and fast service. All Talide Metal grades are uniform and 
consistent in quality. They are processed in latest type vacuum 
electric furnaces under rigid laboratory control. Every test 
proves Talide is Best! 


PURPOSE TOOLS 


VERTICAL CLAMPED 


TALIDE TOOLS GIVE TOP PERFORMANCE 


40% more forgings cut at Automotive Engine Piant. 


Part ......C-H141 steel forging 1-1/2” dia. x 14” long. 
| Operation . Turning multiple diameters. 
Machine .. New Britain Chucking Lathe. 
Tool ..........Talide triangular insert #1B-12123, Grade S-88 
(Industry Code C-5), mounted in Klamp-Lot 
Toolholder. 
“THROW-AWAY" HORIZONTAL CLAMPED Depth of Cut 1/8” to 3/32” 1540 
... 580 Lubrication None 
1000, 2000, 3000, 4000, oy & "STYLES x Results........ 71 forgings machined per edge per grind com- 


pared to 49 machined with best competitive 


$000 & 6000 STYLES 
premium grades. 


Double Production obtained at Electric Motor Plant. 


Part ..., 1040 steel pump shaft, Brinell 186. 

Operation _... Turning 3 diameters and | taper. 

Machine ...... Sundstrand Automatic Lathe. 

Talide triangular “Throw-Away” insert, 3/8” 1.C. 
x 1/8” thick, Grade S-92, mounted in Klamp-Lok 

‘RT’ STYLE “RTT” STYLE Toolholder. 
Depth of Cut 3/8” Feed 021” S.F.P.M. 300 
Results __. 31 shafts machined per edge per grind. Best com- 


petitive premium grade produced only 16 before 
fracturing. Exceptional toughness of Talide grade 
evidenced by only slight mushrooming of oaaeee 
no fracturing. 


KLAMP-LOK TOOLHOLDER INSERTS 


SEND FOR SPEED & FEED CHART— 
Pocket-size plastic chart gives com- 
plete informatien on speeds, feeds, 
reliet angles and recommended : 
grades for cutting all metals. METAL _CERMETS - HIGH. TEMpGRATUR 

OVER “25 YEARS’ EXPERIENCE IN ‘TUNGSTEN CARBIDE 


Call in a Talide sales engi tor d proper tooling for your machining 
operations, or write for 84-page catalog No. 56-G. METAL CARBIDES 
CORPORATION, 6001 Southern Blvd., Youngstown 12, Ohio. 
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ke—But it's What's 
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BRAZED 


If you use 
Nitrogen as 
a Protective 
Atmosphere 
in Heat 

Treating... 


this NEW Bulletin 
shows how KEMP N2 
Generators slash 

operating costs, 
increase quality! 


Flow diagram explains simple 
Kemp Generator operation 
f 
ae 


ADSORPTIVE DRYERS + SINGEING EQUIPMENT 


e 


~ 


Send today for your free Kemp Nitrogen Generator 
Bulletin No. I-100. It’s packed with valuable infor- 
mation on how you can improve your inert gas 
operation by switching to Kemp Generators. 

Bulletin contains complete operation procedure, 
design features, composition chart, data chart and a 
detailed flow diagram. In addition, you receive an 
inquiry data sheet that you may fill in and send to 
Kemp, at no cost to you, for a free evaluation. 

Also available at no cost to you, the Kemp Inert 
Gas Generator Bulletin No. I-10. Check below for 
the bulletin(s) you would like sent to you. 


Mail, couproy, Foday/ ......- 


‘ 
THE C. M. KEMP MFG. CO., 405 E. Oliver Baltimore 2, Maryland 
Gentlemen: Please send me the free Bulletin{s] I have checked below: 
‘ 
Name 
CARBURETORS BURNERS FiRE CHECKs “Adress 
METAL MELTING UNITS Zone State 
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solve problems in atomic propulsion 


WESTINGHOUSE now offers you 
immediate opportunities to 


Work in nuclear energy with 


the company that powered 
the Nautilus ... first atomic sub! 


NO DELAY IN AWAITING SECURITY CLEARANCE 


New ground-floor opportunities are now open at Westing- 
house to break into vital atomic work. Join a fast-growing 
“department which purchases, through subcontractors, the 
atomic equipment needed for submarines and surface craft. 

Assignments involve broad responsibility — from prepara- 
tion of specifications for components, through fabrication 
and testing, supervising quality, delivery to shipyards, and 
putting equipment into actual operation, 

Westinghouse invites you to join this challenging activity 
— whether you are a professionally established engineer, or 
just starting your career. Relocation allowances and unique 
automatic annual salary increase plan, in addition to merit 
increases, 


IMMEDIATE OPPORTUNITIES FOR: 


METALLURGISTS AND MATERIALS ENGINEERS — ex- 
perienced in materials and metallurgical applica- 
tion and development. 


SEND YOUR Mr. John D. Batey, Dept. 171, 


RESUME TO: Westinghouse Electric Corp., 
P. O. Box 1047, Pittsburgh 30, Pa. 


Westinghouse 


FIRST IN ATOMIC POWER 
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NATIONAL ENGINEERING SERVICE 


Heat and Corrosion Resistant Castings 


General Alloys Company products are backed 
by a national engineering service offering un- 
excelled mechanical and metallurgical Heat and 
Corrosion Resistant Alloys for all Defense and 
Industrial applications. 


"There is no substitute for Experience’’ 


GENERAL ALLOYS BRANCH OFFICES AND REPRESENTATIVES 


BALTIMORE, CHICAGO, Iinols DETROIT 2. Michigan Min myncs. diane 
tit Gathmann, ir. General Alloys Company General Company Warren fand The 6 0. Co 
513 Park Edward T. Connolly Don B. Hutehins 2828 Lyndale Ave. Seeth ro ‘Box 
224 Michigan Ave. 5-147 General Motors Bids 406 Wysor Bleck 
BUFFALO. N York FORT WAYNE &, Indiana LOUISVILLE 7, Kentucky NEW ENGLAND 
DENVER, Colorado HOUSTON 3, Texas INDIANAPOLIS 8. Indians wew YORK 7, New York 
Marry os. Tracy sarvett Wm. Brice Co. The Geores Desautele Co. General Alleys Ce. 
544 American Bids. Ammons 308 Bastroe St. 0. Bax 201! 
PHILADELPHIA, Pa. PITTSBURGH (5. Pa. 
john P_ Clark Co. Vincent C. Leatherty oF, 
124 8. Easton Road 104 Fourth St. oot Mille, Ine 
Glenside, Pa Sharpsbere 15. Pa. ntord Road 


GENERAL ALLOYS COMPANY 


405 WEST FIRST STREET BOSTON, MASS. 


“OLDEST AND LARGEST EXCLUSIVE MFRS. OF HEAT & CORROSION RESISTANT CASTINGS” 


1 HE QUALITY NAMES IN 
HEAT ABRASION 


on 


bearing manufacturer 
gains over 300% higher yield 
with Vacuum Metals FERROVAC 


Because a leading manufacturer of precision instru- 
ment bearings worked to such exacting standards, he 
experienced an exceptionally high rate of rejection of 
finished parts. Then they tried Vacuum Metals 
FERROVAC®. .. of the same basic analysis as the 
air-melted grade used previously, The results were 
decisive. Rejections were reduced to less than 1%—a 
yield improvement of better than three times. 

That's to be expected from vacuuimn-melted alloys, 
because of their remarkable uniformity. Gases that 
cause inclusions and that in turn lead to rejection — 
or early bearing failure — are literally sucked from 
vacuum-melted alloys during production... before 
the metal becomes solid. 

The result is a clean alloy — with many of its prop- 
erties improved, It is stronger, tougher, far more 


resistant to wear and fatigue. It works longer and 
harder than conventionally-melted alloy — even does 
the super-tough jobs where nothing else will work. 

Only Vacuum Metals gives you one-source service 
— Vacuum Metals’ own large organization, and its 
affiliation with National Research Corporation and 
Crucible Steel Company of America, brings you a 
fully integrated service. It includes everything from 
melting and casting, through mill rolling and nation- 
wide distribution of finished products. If you have 
an application where you can use vacuum-melted 
metals — in experimental lots or production quantities 

Vacuum Metals can serve you. Write us now, out 
lining your requirements. Vacuum Metals Corporation, 
P. O. Box 977, Syracuse 1, New York. 


VACUUM METALS CORPORATION 


Division of Crucible Steel Company of America 
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for 
longer service life! 


There is no guess work on the service life of 
ACCOLOY Heat and Corrosion Resistant 
Castings. Just examine any one of them in 
your production line. There, designed as an 
integral part of the casting in raised letters is 
(1) the date it was made (2) symbol of metal 
analysis and pattern number (3) and of course 


the quality name, ACCOLOY. 


Convincing proof that ACCOLOY Heat and 
Corrosion Resistant castings outlast all others 


and are still being “preferred by industry.” 


\ ALLOY ENGINEERING & CASTING CO. 


ALLOY CASTING CO. (Div.) 
CHAMPAIGN ILLINOIS 
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Research or production 
control analysis problem? 


One of these instruments 
will solve it! 


Nearly every business has an —- 
problem — either in research, produc- 
tion control or a combination of the two. 
Now, whether your budget is large or 
small, whether your requirements are 
critical or routine, JAco has an instru- 
ment tailored to your needs, 


JAco Ebert Convertible 

Spectrograph ... for analysis of a wide vari- 
ety of materials in the most 
exacting research or production 
control work. This instrument 
is the finest produced by the 
world’s leading manufacturer of 
large grating spectrographs. 
Unmatched for power, versatil- 
ity and flexibility. 


shee . . . for production control and 
P routine research. The low-cost 
Spec-Lab brings to all the advan- 
tages of spectrochemical anal- 
ysis long enjoyed by the few. 
Includes precision spectrograph, 
source, microphotometer, pho- 
toprocessor, calculating board 
and other needed accessories in 
an easy to use form. 


. . » for production control or 
routine analysis. The ideal high 
sensitivity instrument for appli- 
cations requiring fast, accurate 
he results. Employs modern elec- 
tronic system similar to those 
found in computers and scalers. 


JAco-Hiiger 


Direct Reed . . for production control. A 


sturdy |l-element direct reader 
that is low in cost yet has speed 
and accuracy equal to the most 
expensive. Simple and easy to 
operate, Features a temperature 
compensator and analysis by 
read-out meter or optional re- 
corder, Installed, calibrated and 
serviced by nationwide JAco 
branch offices. 


LOOK TO FOR THE BEST 


JARRELL-ASH COMPANY 
22 Farwell Street, Newtonville, Massachusetts 


Branch Atianta, Ga Los Angeles (Ouarte) 
Offices: Chicago, til. Muskegon, Mich 
New York, N. Y. 


4JAco Covers the Spectrum 


Palo Alto, Cal. 
Pittsburgh, Pa 


SIMPLYTROL AUTOMATIC PYROMETERS 


For Control of Temperature 


10 standard 
ranges from 
—200” to 
+3000” F. 
Accuracy 2% 
(limit of cali- 
bration error). 
Sensitivity 
4 ohms per 
millivolt. 

— Cat. Ne. 4535, «ze 10” x 6” 7”. 

Range 0/1000" F,0, 500 $135.00 

Thermocouple-type automatic pyrometer for controlling tem- 
perature in furnaces or ovens and manufacturing processes. Leads 
between Simplytroi and its thermocouple sensing element may be 
up to 100 feet or more depending on temperature range and lead 
wire resistance. Load relay, 5 amperes S.P.D.T. 
Optional heavy duty relays to 40 A. 


Either AUTOMATIC control or LIMIT shutoff. 
An automatic Simplytrol turns heat on and off 
to hold required temperature. Proportioning 
effect can be increased or decreased by 
changing cam on the sensing cycle. With 
shorter cycles, control more nearly approaches Cet. Ne. 4532- 
straight line. A limit Simplytrol locks up when 
the trip point is reached and remains locked Ronge 0/1500°F, 
until reset. Use limit Simplytrols for monitor- 0/800°C. 

ing and safety shutoff or alarm. $127.00 


Cabinet model for wall mounting or portable shown at top. To the right is 
an MFP Simplytrol for flush mounting in a cabinet or control panel. Several 
other mountings are shown in Catalog 4-A. Send for your copy. Assembly 
Products, Inc., Chesterland 37, Ohio. Phone (Cleveland, O.) HAmilton 
3.4436, (West Coast: Desert Hot Springs 37, Cal. Phone 4-3133 or 4-2453). 


E0000 .«. 


ALUMINUM 
HOLDING 
FURNACES 


engineered and installed by 


carl mayer 


The three Aluminum Holding Furnaces in- 


- \ stalled at Reynolds Metals, Inc., Arkadelphia, 


Ark., were engineered by Carl Mayer for 

greater production efficiency, maximum 
production economy. 


Each furnace is 10 ft.x 35 ft. x12 ft. with a capacity of 60,000 Ibs. 
of molten aluminum per charge. Fuel is natural gas. Approximate 
operating temperature is 1450°F, 


Write for our Bulletin No. HT-53. 


Over W years’ experience. 


-carl 


3030 EUCLID AVENUE * CLEVELAND 15, OHIO 
OTHER PRODUCTS: Core & Mold Ovens ® Rod Bakers © Paint & Ceramic 
Drying Ovens © Special Processing Equipment & Accessories 
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AMPCO —ONE-SOURCE SERVICE FROM RAW MATERIAL TO FINISHED PRODUCT 


Your Ampco 
field engineer has 


te 


— when it comes to 


copper-base alloys 


Ampco supplies them all — and 
in any form of production 


What does an alloy have to do for you? Resist wear, corrosion, 
impact, fatigue? Provide excellent bearing qualities? 

Retain physical characteristics at temperatures from 600° F 
down to —400° F? 


Should it be sand-cast, centrifugally-cast, shell-molded, 
precision-cast, forged, fabricated, or extruded? Sheet or plate? 


Whatever your design requires, your Ampco field engineer 
can help you... 


1. Select the best alloy, from more than 100 Ampco copper-base alloys 


2. Select the best, most economical form 
of production. 


Call in your Ampco field engineer. 
And write for Bulletin 33. 


Metal for 4,000-pound casting being Ampco's one-source service includes pro Difficult coring problems are solved eve 
poured into vertical spindle centrifugal duction run machining of Ampeo copper A 


yom Ampoo modern sand toundr 
casting machine. Ampco makes centrifugal base alloys to the quality standards of the 


produce atwl casting m any “ 


castings im sizes up to five tons aircraft idustry up to 14.000 pound 


@ 


METAL WITHOUT AN 


AMPCO METAL, INC. Dept. MP-12, M iwoukee 46, Wisconsin * Weet Coast Plant: Burbenk. Califernia 
Cy 
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Unique punch and die of the Guarantee Specialty Mfg. Co., Cleveland, Ohio, with change tools and part progress strip in the foreground. 


Revolutionary Progressive Die 
Produced From UHB-46 


Advanced ideas in Die-Making Take Shape with UDDEHOLM Too! Stee! 


Shown above is one of the most remarkable dies seen 
in recent years. Exhibited at the last A.S.T.E. Show, it 
created a bee hive of interest — provoking such typi 
cal comments as “twenty years ahead of times.” Reac 
tion to its appearance promises some radical changes in 
the future approach to practical die design. This is not 
surprising since it was designed by Ernest J. Urbas of 
the Guarantee Specialty Mig. Co., of Cleveland, an ot 
ganization with extremely advanced ideas in this field. 
Even less surprising was Guarantee’s choice of tool stec! 
lor these revolutionary designs —~ Uddeholm Tool Steel, 
exclusively, For at Uddeholm they found a dependable 
source of the overall high quality needed for such versa 
tile and extended die performance. 


why 


Tool and Die Steels 
Specialty Strip Steels 


District Representatives 


This particular die, for example, will never become 
obsolete. Change tools permit its use again and again 
for any number of shapes. In this case the choice fell 
upon Uddeholm's UHB-46, a tool steel combining ex 
cellent ease of machinability with high non-deformity 
and safety in hardening. And you can see how essential 
these qualities were to fill the bill. Why not put the su- 
perior performance of Uddeholm’s fine Swedish quality 
tool steels to work for you? No matter how special youn 
application Uddeholm has the right combination of 
grade, shape, size and finish to meet it exactly, 


Write for Tool Steel Stock List No. 12 


UDDEHOLM COMPANY OF AMERICA, INC. 


Offices and 
Warehouses 


New York: 155 East 44th Street, MUrray Hill 7-4575 
Cleveland: 4540 East 7ist Street, Dlamond 1-1110 
Los Angeles: 5037 Telegraph Road, ANgelus 2-5121 


CHICAGO; Prank J. Mackin, Leroy E. Marshall, 55 East Washington, STate 2.1649 DETROIT. Warren H. Nugent, 17304 Lahser Road, KEnwood 5.6340 
PHILADELPHIA: Frank T. Campagna, 34 South 17th Street, Kittenhouse 6-4290 
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SUBJECTS TREATED 
BY TOP AUTHORITIES 


From comprehensive lectures and discus- 
sions on the latest known techniques, you 
can gain a wealth of practical knowledge 
that is so greatly needed today. The follow- 
ing subjects make this a great course on 
TITANIUM—short, intensive, and of real 
value. 


@ CURRENT STATUS 


Sponge Production Techniques — Guarding 
against Contamination — Uses of Titanium in 
Airframes, Missiles, and Jet Engines — Eco- 
nomic Aspects 


CASTING AND ALLOYING 


Vacuum Melting—Effect of Alloying Elements 
—Present and Future Alloys 


MECHANICAL METALLURGY 


Strength —Ductility—Yield Properties — Effects 
of Temperature and Strain Rate 


FUNDAMENTALS OF HEAT 
TREATMENT 

Open Air Treatment—Vacuum Heat Treating— 
Embrittiement — Degassing — Annealing — Stress 
Relief — Equilibria—Kinetics — TTT Curves — 
Metallography 


MACHINING AND GRINDING 


Titanium's Affinity for Other Materials and 
Possible Machining Difficuities—How to Over- 
come and Tools Involved— 
Effects of Alloying on Machinability—Chem- 
milling 


CORROSION RESISTANCE 


Principles and Applications 


WELDING 

Welding Characteristics—Problems and Tech- 
niques 

FABRICATION PROBLEMS 

Hot and Cold Fabrication—Steps and Proc- 
esses—Economic Factors 

DESIGNING WITH TITANIUM 


Uses of Formed Sheet—Forgings—Limitations 
of Castings-—Honeycombed Structures—Powder 
Metallurgy Products 
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pram fo attend 

conference 
tne Western Metal 
Exposition 

Hotel Ambassador, Los Angeles 


March 25 through 29, 1957 


Titanium—a comer among metals—versatile 


qualities, yet costly 


possessiny many highly desirable 
presents unique opportunities and 
challenging problems. The high demand for titanium and its alloys in many 
forms is impressive—promises increased growth as production techniques im- 
prove and costs are reduced. 


A CHALLENGE AND REWARD FOR MEN WHO KNOW 
To meet the unique problems of titanium production and processing calls for 
a high degree of understanding of mechanical working, yield characteristics, 
and ductility, as well as the effects of alloying and heat treatment on the metal’s 
behavior. Though many fabrication techniques may already be known, there's 
still much to learn. Something new is always ahead, so plan to attend the 
Titanium Conference and UPDATE YOUR THINKING! 


THE LATEST AUTHORITATIVE INFORMATION QUICKLY AND AT LOW COST 

To men who aspire to achieve in a new and promising field, the American So- 
ciety for Metals, through its newly created Metals Engineering Institute, 
ducting a five-day TITANIUM CONFERENCE in Los Angeles, March 25 
through March 29, 1957. Top authorities will lecture, discuss, and instruct. It's 
an opportunity to get the latest information in minimum time—and at a cost of 
only $125.00 for the entire course (including daily lunches and study materials). 

Since registration is necessarily limited, DON’T DELAY. Enroll now or send 
for full information AT ONCE. 


and ti. mperamental 


is con- 


Mail in the accompanying coupon TODAY. 


TITANIUM CONFERENCE 
Metals Engineering institute, Dept. MP 
7301 Euclid Ave. 

Cleveland, Ohio 


March 25-29, 1957 


Gentlemen 


C) Send me more information 
Neme 
Company Affiliation 


Address 


(.) Enroll me; $125.00 registration fee enciosed | 
| 
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Steel 


The new “£200” Series Stainless Steels 
successfully ease nickel shortage! 


With the new low-nickel “200” Series Stainless further information, see your stainless steel supplier, 
Steels, producers can greatly expand their output of — or write Electromet—leading producer of more than 
Chrome-Nickel stainless from existing nickel sup- 100 alloys, including chromium and manganese, for 
plies. These steels provide practical, workable grades the steel and non-ferrous metal industries. 


of stainless that can be applied to a wide variety 


of uses. ELECTRO METALLURGICAL COMPANY é 
Made of Chromium-Nickel-Manganese —the 1 Division of Union Carbide and Carbon Corporat 

“200” Series steels are helping to meet constantly MW) East 42nd Street UCC New York 17,N.¥ 

growing needs in transportation, building, manu- The term “Elects sre te-mark of Union ¢ 

facturing and many other fields. They're becoming 


increasingly popular in kitchen utensils, appliances, 
truck bodies, trains, automobile trim, and scores of 
products for industrial, home and business use. For 


Metals do more all the time... Thanks to Alloys 


BIRMINGHAM * CHICAGO CLEVELAND DETROIT LOS ANGELES © HOUSTON © PHILIPSH | PITTSRU RCH * SAN PRANCTSCO 
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Western Metal 


RESERVE YOUR 
EXHIBIT SPACE NOW! F 


Metals industries people—ready and able to buy the things 
they want and need to make things of metal—will be pouring vy PLA Ih 3 
into this great Western Metal Show and you'll want to be there ss Ye, 
.. be there with your products on display and your sales staff S 
on its toes, because you'll sell—and sell often—at this great = 
concentration of metals industries people! Remember, more S 
of your customers and prospects will see this Western Show = 
than ever before! 


& 
4 


An activity of the 


AMERICAN SOCIETY for METALS 


Write... Wire... Phone 
7301 Euclid Ave., Cleveland 3, Ohio, Utah 1-0200 


Managing Director Assistant Director 
W. H. EISENMAN CHESTER L. WELLS 
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New Pangborn Hydro-Finish 


solves such cleaning problems as: | 
* deburring * surface finishing | 
* finishing threaded sections 

3 Ls * improving cutting tool life 

- * maintaining dies and molds 

* removing grinding lines 
* removing heat treat scale 
* preparing surfaces 


= 


2 


Pangborn has redesigned the Hydro-Finish for added 
efficiency and easier handling. Originating the use of air 
jet sluriators to eliminate pumps, the new Hydro-Finish 
represents a lower investment as well as a lower mainte- 
nance cost. Optional equipment simplifies overall opera- 
tion. Investigate Pangborn Hydro-Finish now! 

For full details, send for Bulletin 1403, now! Write to: 
PANGBORN CORPORATION, 1800 Pangborn Boulevard, 
Hagerstown, Maryland. Manufacturers of Blast Cleaning 
and Dust Control Equipment. LH 


BLAST CLEANS CHEAPER 


HANDIMET GRINDER 


Now you may have wet grinding facilities for hand prepa- 
ration in your laboratory at a nominal cost. Convenience 
at your fingertips, always clean and ready for use. Simply 
attach to water and drain facilities. 


Individual elevated hard glass grinding surfaces are con- 
tinually flushed with streams of water. This floats off the 
surface removal products, provides lubrication, and leaves 
sharp abrasive edges exposed at all times. A control valve 
permits complete selectivity of the volume of water. Ample 
drainage facilities with standard pipe fittings are provided 
No. 1470 AB HANDIMET GRINDER, complete $98.00 at the rear. The grinding platforms are pitched down- 


ward and away from the operator. 
Mo. 1469-5W AB HANDIMET GRINDING PAPER for 1470 Grinder, 


The Handimet Grinding Paper is coated with a pressure 

sensitive adhesive backing and firmly holds when merely 

Me. 1469-1-SW AB HANDIMET GRINDING PAPER assorted 10 each pressed against the flat grinding surface. It is easily re- 
grits 240, 320, 400, 600... .$4.50 movable when sheet is worn. 


td. METALLURGICAL APPARATUS: 


2120 Greenwood Evanston USA 


| 
| 
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me KEL-RAY'’ 


YOU CAN CUT INSTRUMENT DOWN-TIME for service from hours 
to minutes in most cases with an adequate supply of Bristol 
thermocouples and pyrometer accessories. 


How much can 
interrupted pyrometer 
service cost you? 


Now’s the time to worry —before it happens — about what 
ee pyrometer service can do to your production 
schedules, cost figures, and quality controls. 

And now’s the time to lay in a supply of Bristol's pyrome- 
ter supplies and accessories to cut down-time to a minimum. 
Bristol's complete line of thermocouples, protection tubes, 
radiation-unit accessories, refractory mounting 
fixtures, thermocouple wire, and extension wire, switches, 
ink, and charts, are available in a wide selection of inter- 
changeable sizes and types to fit all standard installations. 

They're backed by Bristol's 51 years experience in indus- 
trial pyrometry. We've built thousands of pyrometers for 
every application—in iron, steel, non-ferrous metal smelting 
and refining; in petroleum, chemical, ceramics, glass, paper, 
and food-processing industries and in power, heat and in- 
cineration utilities. 

You'll find these pyrometer sup- 
plies completely described in our 
56-page Bulletin P1238, together 
with technical data on selection, 
installation, maintenance, and 
calibration, Write for your copy 
today. The Bristol Company, 155 
Bristol Road, Waterbury 20, Conn. 


FREE BULLETIN P1238. Tells how to 
select, install, calibrate and care 
for thermocouples and pyrome- 
ter accessories 


Points the Way in 8 
Human-Engineered Instrumentation 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 


212 


Projector |... 


2 


Portable Safe - Economical Easy to Use 


Here is a versatile tool that “looks through” 
metal and allows you to see on film the internal 
structure of castings, welds or fabricated assem- 
blies before you OK them for service. Such pre- 
service testing lowers future replacement costs, 
safeguards against service failures, helps to estab- 
lish and maintain quality standards that invite 
more business, and offers an economical method 
of examining metal structures inaccessible to many 
types of equipment. 


KEL-RAY Projectors employ radioactive co- 
balt, iridium, or cesium as a source of gamma 
rays. Built in three portable sizes, the smallest of 
which can be moved by hand, each is suited to 
specific applications depending on the source used 
and the radiation pattern required. Designed to 
withstand rough handling, Kel-Ray Projectors are 
safe, economical to own and operate, simple to use 
for anyone properly trained. 

KEL-RAY Projectors can keep an economical 
eye on the castings, welds, or assemblies on which 
your future business depends. 


e For information, please write. 


METAL & THERMIT 
CORPORATION 
“ GENERAL OFFICES: RAHWAY, NEW JERSEY 


WELDING SUPPLIES @ 
CERAMIC MATERIALS @ 


RADIOGRAPHIC EQUIPMENT @ PLATING MATERIALS 
MEIAS BALOYS 


ORGANIC COATINGS 


TW 6 TIN CHEMICALS HEAVY MELTING SCRAP 


a 
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This unretouched photograph shows deterioration of 
25-12 alloy radiant tube after 10 months service. 


This unretouched photograph shows radiant tube of NA22H still in 
serviceable condition after 78 months service in the hot zone where 
temperatures overaged 1850'F. 


NA22H establishes new service record! 


Has provided five times longer service life for 
radiant tubes in annealing furnace...and still going strong 


Faced with mounting production losses and in- 
creasing tube replacement costs, a manufacturer of 
continuous weld carbon pipe began to experiment 
with the new high temperature alloy NA22H for the 
“W”’ type radiant tubes in his annealing furnaces. 

After seven years of in-use testing in all heat 
zones of the furnaces, this user found that the 
service life of radiant tubes made of NA22H was 
increased far beyond the performance range of 
radiant tubes made of 25-12 type alloy. 

After a total of 78 moénths service in temperatures 


HM" AMM 


SHOO SGD 
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BLAW-KNOX COMPANY 
National Alloy Division 
Pittsburgh 38, Pennsylvania 


ranging from 1700 to 1925°F., the NA22H tubes 
were found to be in good condition and still con- 
tinue in service. A 25-12 tube installed in the same 
position failed after 10 months service. 

Since its introduction eight years ago, NA22H has 
proven itself in many applications where severe 
operating conditions and elevated temperature 
ranges are the rule. 

A National Alloy engineer will be glad to show 
you further proof of performance, and to discuss the 
use of NA22H in your operation. 
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Want to 
wergh 


a 
whisper ? 


IF a whisper had tensile strength . . . you could 
measure it delicately with the Instron Universal 
Tester. Yet, this versatile instrument is rugged. 
It is used in leading metallurgical laboratories to 
measure such characteristics as elongation, com- 
pression, hysteresis and elastic modulus with elec- 
tronically controlled accuracy. 


4 
THE TABLE MODEL 
INSTRON ~ load range: 
2 grams to 200 lbs. 


THE FLOOR MODEL 
INSTRON ~ load range: 
2 grams to 10,000 Ibs. 


For facts booklet, write: 


INSTRON 


ENGINEERING CORPORATION 
441 Hancock Street, Quincy 71, Mass. 


ELEVATE HEAVY LOADS EASILY 


—also get closer heat gradient 


PERECO 


Electric 
Furnace 


Hf your work involves 
handling crucibies 
of molten 
or extra heavy d es 
or parts this bot- 
fom loading, 
vator type Pereco 
Electric Furnace is 
the efficient, labor 
saving answer. 


To meet your specific needs Pereco can 
furnish an inverted, pit-type electric fur- 
nace, like the unit shown, in various sizes 
operating temperatures, ‘and @ choice of 
controls. The Model 1P-6700 illustrated has 
@ work chamber w. « 18° d. « 21” h. 
and opereting temperature of 7750" F. Ver- 
tical lift has safety hand ratchet (power 
lift optional). A review of its many other 
Pereco features —sent on request — will 
quickly ——— why so many firms look 
today ereco for their furnace or kiln 
it be for standard 
or special units 


PERENY EQUIPMENT CO. 
Dept. 9. 893 Chambers Road TODAY 
Columbus 12, Ohio FOR DETAILS 


THE METALS HANDBOOK 
and 1954 and 1955 
Supplements 


World’s Most Authoritative and Comprehensive Reference 
for All Metals, Metal Properties, Fabrication and Uses! 


© 1740 Pages total 
2745 Illustrations 
® 1426 Tables 
® 845 Articles 
© 110,000 Copies in use 


The Metals Handbook and its 1954 and 1955 Supplements com- 
prise the only complete reference of its kind. Compiled and 
written by 109 committees of the American Society for Metals 
with over 780 outstanding engineers contributing. Easy to use, 
these volumes put all metal facts at ae pry Divided 
into 37 sections, they treat on metal se lection and esign, metal 
forming, shaping, heat treating, welding, machining, foundr 
work, cleaning, finishing, testing, inspection, control and prem | 
techniques. The Handbook is $15.00; the Supplements $5.00 and 
$6.00, respectively. Order by coupon today. 
American Society for Metals, | 
7301 Euclid Avenue, Cleveland 3, Ohio 


| Rush me a Metals Handbook and/or Supplements checked! | 
Name...... 
| Company 
| Address. 


Zone State 
1955 Supplement ($ 6.00) Check enclosed 
1954 Supplement ($ 5.00) Bill me 
Metals Handbook ($15.00) Bill my company 
The complete set ($26.00) 
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... Of RESIDUE, that is 
with NEW AHCO Burnishing Compounds 


Find out mow how one or more of the new 
AHCO Burnishing Compounds can do that 
better job in your plating or finishing room. 


For full details about AHCO Burnishing Compounds 
write today for Bulletin B-10 , Apothecaries Hall Co. 
20 Benedict Street, Waterbury, Connecticut. 


the meter with the 
tell-tale TAB_._. 


No one can mistake what gas the Waukee § 
FLO-METER is measuring — because ag 
Washes TAB with large RED letters is 
affixed to the bottom of the scale and shouts ; 
to your operator whether the meter is mea- | 
suring hydrogen, ammonia, or any other gas. 
TABS are available for all gases listed below, i 
and many others — an exclusive Waukee 
feature. | 
Waukee’s TABS, built-in Control Valve, 0 
panel-mounting design, 5-minute cleaning, § 
large easy-to-read scale — all mean simple 
installation, clean appearance, accurate oper- 
ation. ‘Time and money-saving features. 1 
Complete information in Bulletin 203. Write | 
for it. Waukee Engineering Company, 5140 
North 35th Street, Milwaukee 9, Wisconsin. 
For measuring: air ~— ammonia — dissociated ammonia 
— argon — butane — city gas — endothermic cracked t 
—exothermic cracked — forming gas — helium — hy- i 
drogen — natural gas — nitrogen — oxygen — propane, 


FLO METERS AIR GAS MIXORS 
INDUSTRIAL WASHING MACHINES 


So easy to convert to 


ONE PIECE 
INVESTMENT 
CASTING... 


with Production 
Savings 


cated of several 
components, now 


In- 
vestment Cast- 
ing reduces tool- 
ing up... cuts down 
machining . . . conserves 
metal. . . eliminates as- 

sembly steps. 


chining. 
Stainiess Steel. 


Guar 

by virtue of com. 


Everywhere . . . Design En- 
gineers are making the quick, 
easy, economical switch from other 

processes to Investment Casting. 

More .. . Investment Cast parts need 
littie finishing . . . thus cutting down on 
time , . . and Investment Casting Company 

. casts to close tolerances . . . accurate in 
every detail in the production of parts and 
components, 


INVESTMENT CASTING CO. 


60 BROWN AVENUE 
SPRINGFIELD, N. J. 


Write te 
dept. C. 


| 
/ 
we 
ae to 50% | 
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‘dag’ dispersions... touch does so much! 


Extrusion die life lengthened nearly 600% 


In extrusion operations many mills have found that ‘Aqua- 
dag’" applied to the die surfaces permits freer metal flow, 
inhibits build-up of precipitates on bearing surfaces and ma- 
terially lengthens die life. Titan Metal Products reports that 
a dispersion of ‘dag’” Colloidal Graphite in water increased 
the number of “pushes” through one die from 150 to 1,000 
before appreciable wear. 

‘dag’ Colloidal Graphite also permits easier removal of 
the “skull”, prevents the follow block from sticking to the 
billet, and prevents the welding of extruded metal to the die. 


Furthermore, smoke and toxic fumes are eliminated. 


ACHESON COLLOIDS COMPANY 


PORT HURON, MICHIGAN 


A UNIT OF ACHESON INDUSTRIES, INC 


ACHESON COLLOIDAL DISPERSIONS: 


Graphite « Molybdenum Disulfide * Zinc Oxide « Mica and other solids 


Offices in: 


Boston Chicago Cleveland Dayton Detroit Los Angeles * Milwaukee 
Philadelphia * New York © Pittsburgh * Rochester * St. Lovis * Toronto 


Conventional lubricants are not practical at the tempera- 
tures and pressures involved in extrusion. Your Acheson Service 
Engineer can show you how ‘dag’ colloidal dispersions will 
reduce maintenance and help increase profits in your mill. 
Also write for Bulletin 423 describing ‘dag’ dispersions for 
high-temperature lubrication. 

For ready-to-use lubricants containing ‘dag’ dispersions, 


see your own oil supplier or write directly to us. 


ACHESON COLLOIDS COMPANY 
Port Huron, Michigan, Dept. C-12 
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